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IMPLEMENTATION OF A PARALLEL CHANNEL
MAXIMUM LIKELIHOOD ESTIMATION ALGORITHM
IN A MICROPROCESSOR

Stephen G, Pratt

Gary L. Hartmann

Donald A, Shaner
Honeywell Systems and Research Center

SUMMARY

This report documents the parallel channel maximum likelihood estimation
(PCMLE) algorithm implemented on a TI990 microprocessor for the NASA
Dryden Flight Research Center under Contract NAS4-2578. This effort

used the PCMLE software developed under Contract NAS4-2344 (Reference 1)
and tailored it for a microprocessor. The remainder of this report
describes the development of the software and inctudes flow charts and
program listings of the final code. For the theory relevant to this software,

the reader is referred to NASA CR-2880 (Reference 2),



SECTION 1

THE PCMLE ALGORITHM

Description

The PCMLE algorithm is based on standard 'maximum likelihood estimation
theory as applied to longitudinal short-period F-8C dynamics. Instead of
using the usual iterative calculation to maximize likelihood functions, however,
it uses the parallel channel implementation shown in Figure 1. Several
Kalman filter channels operate at fixed locations in parameter space. Likeli-
hood functions are computed for each. Sensitivity equations are then solved
only for the maximum likelihood channel and used to interpolate from there

to the final parameter estimate with a single Newton/Raphson parameter
correction. This fixed structure avoids real~time iterations and eliminates

convergence problems.

Theoretical identifiability results were used to determine the number of
parameters that could be identified with small test inputs. This accuracy
analysis also provides ingight into the number and location of the filter

channels,

Nominally, five parallel channels are used to handle the F-8C aircraft over
its entire operational flight envelope. The locations of these channels in

Méo-Ma parameter space are shown in Figure 2. Up to four parameters:
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surface effectiveness (Mao)' pitching moment due to angle-of-attack (Ma),
airspeed (V), and normal force due to angle-of-attack (zaV) can be esti-
mated, Estimation accuracy depends strongly on the signal levels in the
control loop. For the small test signals producing less than 0,05g rms

of normal acceleration, errors are 10 to 20 percent in Méo and 20 to 30
percent in MQ and V, which are typical in six~-degree-of-freedom simulation

runs. Theoretical accuracy analyses confirm these error levels.

Software Structure

An overview of the PCMLE software organization is shown in Figure 3.
The computations are divided into a background (non-real-time) segment
to define and initialize Kalman filter channels and a real-time segment fo
process sensor data for parameter identification. Calculations performed
in each of these segments are divided among a number of subroutines, as
shown in Table 1. The functions of each segment and their input/output
structures are briefly described below. The core required for PCMLE is

5655 locations for subroutines plus 2730 locations for storage arrays.
Initialization

The initialization of PCMLE is performed in non-real-time with a call to
subroutine NRTIC. This subroutine reads the input data deck and user
options (UX and LX arrays) and checks the input data reasonableness, It
then defines the specified numbers of channel, each at its specified para-
meter values. Each channel is a four-state Kalman filter. The states are
pitch rate, total angle-of-attack, gust angle-of-attack, and elevator surface

position. The two measurements are pitch rate and normal acceleration.
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Figure 3. PCMLE Software Structure




TABLE 1, PCMLE SUBROUTINES

Core
Non-Real-Time Required
Subroutines Functions {decimal)
NRTIC Main executive routine for non-real- 930
time operation. Reads data to define
number and location of channels, num-
ber of parameters estimated, sample
rate, etc. PPerforms all initialization
with calls to other subroutines,
MODEL Defines the system matrices and sen- 638
sitivities for the discrete four-state
model described in Section 1.
FHIC Computes high-pass filter coefficients 13
and initializes filter states for each
measurement to be high-passed.
DIAK Solves Ricatti equations for the Kalman 401
CAL filter gains of a discrete system, using
double iteration procedures,
POLES, QRCALL Computes eigenvalues for channel 730
QR, HESSEN meodels and their Kalman filter
dynamics.
Real-Time
Subroutines
PCAILE Main executive routine for parallel channel 1767
MLE real-time computations.
11 High-pass filter applied to measurements. 14
TSIG Produces test signal and two random 41
numbers for simulated sensor noise.
FILT Performs fourth-order Kalman filter 95

update computation.




TABLE 1. - Concluded

Core
Real-Time Required
Subroutines Functions (decimal)
SENS Performs a sensitivity filter update for 176
a given parameter.
ACCNR Accumulates likelihood gradients and 177
approximate second partials for a
Newton-Raphson parameter correction,
SENS2 Performs sensitivity filter updates for 176
"roving'' channe! of second Newton-
Raphson step,
ACCNR2 Accumulates liketihood gradients and 177
approximate second partials for second
Newton-Raphson step.
ACCK Accumulates measurements for a Kalman 32
filter parameter correction.
KB Performs a Kalman filter parameter 288

correction.




Real-Time Operation

Al real-time computations are executed with a call to PCMLE once per
sample time, During each call sampled values of pitch rate, normat
acceleration, and elevator servo position are input to the algorithm. The

algorithm outputs the selected parameter estimates.

Fixed-Form Definition

A fixed~form version using selected PCMLE options was defined for micro-
processor implementation, The fixed form consisted of the nominal five

channels and estimated four parameters (M5' C., C3, C4) with a single

Newton-Raphson step using the four-sgtate modelzof the pitch axis., All
subroutines and commeon blocks not used by this version were deleted. In
addition, the five remaining subcycles (see Figure 3, Low Rate Computation,
Subcycle 1-5), were recoded to be separate subroutines. The initialization
software was also configured to be a stand-alone program. The set of
program subroutines used by the fixed-form version is given in Table 2,
with listings of the PCMLE routines appearing in Appendix A. The next
section describes the transformation from the fixed-form version to a

TI990-based, real-time system.
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TABLE 2. FIXED-FORM PCMLE RQUTINES

Routine Function

MLEIC Stand-alone initialization program. Call NRTIC, etc.
as listed in Table 1, Non-real-time subroutines.
Provide output file of common block data.

F8SIM Simulates F-8C dynamics with fourth-order linear
time-varying model. Test signal and pilot pitch rate
input allowed. Stores pitch rate, normal acceleration,
and elevator servoe position samples on output file.

FFMAIN Executive program for fixed-form PCMLE. Requires
files generated by MLEIC and F8SIM as input. Provides
printed output of all major program variables and plots
of M, estimate, M estimate, channel index, and five
likehﬁhood functions.

PCMLE Algorithm executive subroutines

FILT Kalman filter

SENS Sensitivity filter

ACUM vL and V2L accumulation

FH High-pass filter for input data

CYC1-CYC5 Subcycles 1-5 as listed in Figure 3

Data Files Contents

DATR MLEIC Output

F8DATA F8SIM Output




SECTION 2

REAL-TIME SYSTEM DEVELOPMENT

System Organization

The first step in setting up the real-time system was to determine the
appropriate use of the available computers, In this phase, basic processing
requirements were examined and assigned to the machine best suited for
each function. An important consideration in the division of tasks was data
transfer capability; how should information be passed to minimize the need
for additional hardware/software development and, in the case of real-time
transfer, to minimize time? Four computers were at our disposal. Table

3 shows the relevant attributes of each.

On the basis of the information in Table 3, a block diagram was constructed
(see Figure 4). Because it is the most powerful computer; the H6080 was
used for as much FORTRAN program development and non-real-time
calculation as was convenient, The TI990 AMPL was used as an interpreter
between the H6080 and T1990 PS, with cassette as a medium common to all
three. It was on this machine that compilations of real-time FORTRAN
programs were performed, and formatted data tapes translated to a
representation that the TI990 PS could more easily decode, Assembly
language routines, developed on either of the TI99C machines, were linked
with FORTRAN library routines and the compiled FORTRAN routines to
provide a real-time system object tape that was loadable on the TI990 PS.
The TI1920 PS performed all real-time processing of the PCMLE algorithm

11
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and was connected via hardware/software interface to the SDS 9300, which
was responsible for real-time simulation and translation of TI990 PS output
into formatted hard copy output. A summary of the required software, listed

by machine, is presented in Table 4,

Constraints

The next step was to investigate how the fixed-form program should be
tailored to run on the TI990, The three major constraints were memory,
execution speed, and programming simplicity, The TI990 PS has 16K
words of memory, 4K of which are required by the resident monitor. The
TI990 AMPL system, on which the development work was done, has 24K
words with approximately 8K required for its more powerful operating

system,

The fixed-form program was compiled on the AMPL system and linked with
the appropriate FORTRAN run time routines, which provided floating-point
arithmetic and input-output (I/O) capabilities among others, It was found
that the program could be made to run in the available 12K, but only if the
general I/0 functions were abandoned; software modules were created for

our specific needs.

Attaining an adequate execution speed, however, was a more difficult problem,
Appendix B summarizes the investigation of recoding options for the FORTRAN
program, showing the tradeoffs among the various arithmetic modes, As a
result of this study the integer mode was selected as the most viable alter-

native. Although the per-cycle time of 77 ms (average) falls short of the
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target sample rate (50 ms; 20 sps), it allows comfortable operation at

10 sps, which should be an adequate rate for identification purposes,
Assembly language programming of the algorithm is always an option if a
higher rate is required, but it forces the loss of programming simplicity.
The advantage of maintaining a basic FORTRAN coding should not be
surrendered lightly, For a program of this complexity, assembly coding
would render the program unreadable, difficult to modify, and tedious to
debug. For these reasons the FORTRAN integer coding was chosen for

implementation.

Software Programming

The real-time system software development began with four retated

programming efforts that progressed in parallel. They were:

1. Modification of fixed-form program to allow for integer

computation in subroutines FILT, SENS, ACUM, and else-

where as demanded for consistency.

2. Scaling of initial conditions and derivation of scale factors

for use in fundamental operation subprograms.,

3. Development of the FORTRAN-callable fundamental operation

subprograms (FOS) in TI990 assembly language,

4, Development of the FORTRAN-callable I/O and timing sub-

programs to be used for communication with and control of

the algorithm in both test and real-time modes.
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Modifications of Fixed-Form Program

Timing of the fixed-form program on the TI990 AMPL recealed that four-
parameter estimation was not a realistic goal, even with significant
reduction in "fundamental operation' time. This observation dictated the
first modification to the program: to rewrite ACUM, CYC3, CYC4, and
CYC5 for two parameters only. This eliminated unneeded gradient
accumulations and allowed for the reptacement of a costly 4 x 4 matrix

inversion with a more modest 2 x 2 inversion.

The next step was to restructure the two-parameter version in order to
effectuate the use of integer arithmetic, The predominate eguation form
is that of the inner product (FILT, SENS, ACUM, FH). A typical inner
product would appear in the program like this:

XK TN = ];)(K, 9)X(K, 3) + F(K, 8)*X(K, 9} + F(K, 12)*X(K, 10)

The first attempt at restructuring the program was to convert such equations
from floating-point to extended-integer arithmetic. To avoid overflow upon
multiplication, information in all operands must be limited to a single word.
In order to force extended multiplication, at least one operand must be
extended. The convention of single-word variables and extended constants
(with a zero upper word) was adopted. The information in the operands was
scaled, so it was necessary to adjust the products (via multiplication/division
by a scale factor) prior to summation. Finally, the upper word of the
extended summation (most significant part) was assigned to the single-word,

lefthand variable. The resulting equation would look like this:



INTEGER X(5, 10), TEMP (2)
INTEGER:*4 D(5, 16), F(5,13), TEMPA
EQUIVALENCE (TEMPA, TEMP)

D(K, 9}#X{K, 3)*2 + F(K, 8)*X(K, 9) + F(K, 12)*X(K, 10}/2
TEMP(1)

TEMPA
XK, 7)

Here the equivalence statement enables access to the first word of the
extended summation, TEMPA. All the inner products in the three subroutines
previously mentioned were rewritten in this manner, Timing of this "'extended
integer' version (see Appendix B) revealed an only slightly-improved
execution speed and indicated that more comprehensive measures were in

order.

From the results of the first restructuring experiment, it was obvious that
the second restructuring should include some special-purpose assembly
language routines, It was also clear that more floating-point operations
would have to be converted to integer. After consideration of the TI990
capabilities and brief analysis of execution speed versus accuracy tradeoffs,

the following form was adopted:

INTEGER X(5, 10), D(5, 16), F(5, 13), S, Q(88)
X.(K. 7) = S(D(K, 9), X(K, 3), Q(18)) +
S(F(K, 8), X(K,9), Q(19)) + S(F(K, 12), X(K, 10), Q(20))
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where S(. ) is one of the four FOS. The costliest drawback of this form is
that products are truncated before accumulation. In the case of inner
products of a variable (X) and constant (D, F), this effect is noticeable,

but not restrictive in any example that we have tested, There are cases,
however, in which cross-products of two variables are needed. In these
situations a double~word accumulation is desirable, Function MS (extended

integer) was created for this purpose.

Conversion of all high-pass accumulation to integer arithmetic was the

next togical step. Contained in subroutines FILT and ACUM, these equations
(and associated variables) had maximum magnitudes that could be easily
predicted on the basis of those already assumed for the state and sensitivity

variables. A typical example of this form is:

GL(1) = EIP*GL(1) + GE(1)

Because it is an accumulator, the lefthand variable can grow quite large so,
in order to preserve precision when it is not, it is necessary to use extended-

integer arithmetic. The integerized equation would look like this:

INTEGER ElP, Q(88)
INTEGER*4 GL(2) + GE(2), MD, TSD

GL{1) = MD(ELP, GL1) + SD(GEL, Q(75))

After all the equations of this form were converted, the low rate operations
(CYC1 - CYC5) were modified to eliminate mixed-mode arithmetic wherever
possible, With these changes, the type assignment (i.e., INTEGER,
INTEGER*4, REAL) of all program variables and constants was complete.



In order to attain real-time capability it was important that all operations
be performed as efficiently as possible. All "on-line' computation should
involve at least one programm variable; any expression involving only
constants should be reduced to a single constant. For this reason, some

of the fixed-form expressions were reduced as follows:

ZP(JS, 1)*x2 = ZPS(JS) (CYC2)
Sl =1, +ZP(JS, 1)/ZP(ISTEMP, 1) = SZP(JS, JSTEMP) {(CYC3)
S1%31 = SZP2(JS, JSTEMP) (CYC3)

These arrays could now be pre-calculated as part of the initialization

procedure, thus eliminating costly real-mode computation in real time.

With the functional medifications complete, the issue of initialization could
be addressed. In order to facilitate the transfer of program constants, it
was necessary to redimension all variables and constants to the minimum
size required by the two-parameter version. The unnecessarily large
general-purpose arrays UX and LX were dropped in favor of the more
meaningful variables for measurements (Y) and logical options (CHC, EST,
MLE), respectively. The original eight common blocks (VARDAT, DAT,
SENSP, MEAS, PARM, TSW, PLIM, FHDAT), which were sorted by use,
were resorted by type {LOGL, INT2, INT4, REAL). New variables and
constants required as a result of the restructuring were added to the

appropriately typed btock.

The final modification was to improve program readability. Conditional
branches were simplified. "DO'" loop limits were adjusted to agree with

assigned dimensions, Statement labels were ordered with regular intervals.
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Comment card format and equation spacing were standardized. It was in
this form that the program was transferred to the TI990 AMPL for
debugging. The only changes made from this point were those required
for correct communication between the PCMLE program and TI990
assembly language subroutines, The final version of the program can be

seen in FORTRAN (Appendix C) and TI990 Assembly (Appendix D).
Scaling

The purpose of scaling is to convert numbers in floating-point representa-
tion to an integer representation that retains as much information as
possible. In an ideal situation this would imply a "'1" in the most signifi-
cant bit of the binary representation, In the case of constants this ideat

can be attained, As an example, let us consider the scaling of the constant:

DTFP = 0.1
This first step is to determine the "scale factor' or minimum power of two
which is greater than the constant. In this case DTSCL = -3 (since 2_3 =

0.125 = 0,0625 = 2'4).

Now the appropriate multiplier must be determined, In the TI990 an integer
is 16 bits long with one bit reserved for sign, giving it a maximum wvalue

of 215- 1 and thus a scale factor of 15, In order to take advantage of the
precision available, the constant is scaled by the difference of these scale

factors. That is,



b = 9(15-DTSCL)

*
I DTFP

262144 * 0.1
26214

Here the result has been truncated as it would be in its new integer form,

In some cases a value will not be a constant but instead will be selected
from a set of constants on the basis of some index (channel or parameter),
For purposes of efficiency and simplicity it is desirable to choose one scale
factor for the set and to scale all constants in the set on the basis of the one
scale factor., To do this, the scale factor selected must be the maximum

encountered in the given set,

Variables, by their very nature unknown quantities, cannot be scaled to
maintain maximum information, They must be scaled small enough to
avoid clipping but large enough to contain sufficient information at reduced

signal levels,

Fortunately, all the variables involved either have physical limits imposed
or are closely linked via equations to the physical variables, Thus by
making assumptions for scale factors of a limited subset of the variables
(see Table 5), scale factors for the others (TJ, TL, GE, GL, GSQE, GSQL,
XY} can be derived.

After scale factors for all constants and variables have been assigned, the
scale factors used by the fundamental operation subprograms can be
computed. In generzl, it is desired to assign the product of two numbers

{or sum of products) to a third number,
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TABLE 5. SCALE FACTOR ASSIGNMENT

N(IC,I) State
iC = 1,5 for
I = 1,10 for

NS{IP, I} Sensitivity
channel IP = 1,2 for parameter

variable I = 1,10 for variabhle

YP{I) Input

J = 1,3 for variable

Scale Factor
Index (I) State/Sensitive Variable ~ xS
l.
qk 1 o
9
- “, -1 -3
Current state/sensitivity
3. i
afg at time tk 9 -4
k
5 - -
4, K 1 3
3 ety 1 0
6. oy -1 -3
k+1 Predicted state/sensitivity
7. o at time tk+] P »
S+l -
8. k+1 -1 -3
9. v ) 0
q
10. N current filter residual a -
nz
Index (J) Input Variable YP
1 q 1
2 8
z
3 ] -1
e




For example:
A = S(B)C,Q) + L

By the convention previously adopted, it is assumed that A, B, C, have their

radix points directly behind their sign bits, with associated scale factors

ASCL, BSCL, and CSCL.,

Brp = *i 15 bits x 285Ct
Cep - +1 15 bits x 2t5¢t
+ 1 14 bits 16 bits x2B3CL + estL

‘ SHIFT 0

T . ASCL _
gy 15 bits x 2 = AFP

The function S is designed to return the first word of the integer product
sign (B*Cy+ | B | % | C | after shifting it by Q bits. Note in the above
diagram that the double-word product can contain only 30 bits of magnitude
information since B and C both contain 15 such bits. The product has
effectively two sign bits, so it must be shifted left one bit in order to
position the radix peint. In addition, it must be shifted by -ASCL +

BSCIL + CSCL in order to establish the proper exponent for assignment
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(or accumulation) to the variable A, The desired Q is therefore given

by:

Q@ =1 - ASCL + BSCL + CSCL

With minor variations, most of the Q factors are computed in this manner,

Program SCALE (see Appendix E for program listing and output file) was
written to perform the constant scaling and Q factor assignment as
described in the preceding paragraphs. In addition to these primary
functions, the program calculates the additional constants (SGANS, ANSI,
ZPS, SZP, SZPZ) that are required by modified PCMLE program. It
receives as input an unformatted BCD file containing the original common
blocks created by the initial conditions program. As output it provides a
formatted ASCII file containing all program constants, initial conditions,
and Qfactors, This file is later dumped to cassette for transfer to the

TI990 AMPL system.

Fundamental Operation Subprograms

Specifications for the FOS were a side effect of the modification procedure.
As a group, the FOS enable integer-mode arithmetic, They perform
functions in assembly language that would be either impossible or time-
consuming in FORTRAN. Since they are called repeatedly by the PCMLE
program, it is essential that they have short execution times. TFor this
reason, it is necessary to leave out the standard TI990 FORTRAN sub-
routine interface (F$RGMY) and replace it with specific code to compute

arguments and return addresses. Without F$RGMY, the programmer must



insure that a given argument is passed with a consistent addressing mode
{(direct or indirect), Through experimentation it was determined that
arithmetic expressions and unsubscripted variables were passed by FORTRAN
compiler as direct arguments and subscripted variables not identically the

first element were passed as indirect arguments,
Examples:
DATA J/1/

EQUIVALENCE (NU11, XS(1, 9))
X9 = X(K,9)

Q(1) direct Q(84) indirect
SGANS direct SGANS(J) indirect
GE(2) indirect GE2 direct
XS(1, 9) indirect NU11 direct

X(K, 9) indirect X9 direct

In order to minimize the number of required modifications the assumed
addressing mode was chosen to agree with the majority of subroutine calls
in the program as written (see Appendix B, Table B-2). By studying the
examples above, it is apparent that the addressing mode can be controlled
without significantly reducing speed or readability . In calls that did not
match the assumed mode, the main program was changed to achieve
consistency. Although the desired results were attained with TI990
assembly programming, speed was hampered by the lack of some rather
simple instructions. One such instruction is a signed two-word product

of two signed one-word operands. The current multiply instruction returns

a two-word product, but it is only correct if the operands are both positive,
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or if the result does not overflow the low-order word. For this reason, it
was necessary to convert both operands to positive integers, multiply, and
assign the appropriate sign to the product. This causes the multiply time
to be more than doubled. Another useful but missing instruction is the
double-word shift; i.e., the capability to shift bits out the end of one word
into an adjacent word. Both of these instructions could be implemented in
hardware and are general enough in potential application to justify inclusion

in the standard instruction set,
Assembly language listings of the FOS are presented in Appendix F,
I/O and Timing Subprograms

As stated in the paragraph on constraints, the primary effect of limited
memory was the loss of standard general I/O capability. As a result, it
was necessary to construct special-purpose software to perform the

following functions:

¢ Read from keyboard
] Write to printer

e Read from cassette
. Write to cassette

e Read from interface

* Write to interface



Fortunately, the monitor extended operations (XOP) were available to the
user. Used with the proper options and combined with appropriate assembly

language, the desired I/O operations were obtainable,

Another requirement for real-time operation was a set of subroutines to
synchronize PCMLE with the TI990 line frequency clock, The basic
approach was to execute the algorithm while the system automatically
counts clock pulses (8.33 ms), After completion of all calculations,
program control is passed to cne of the timing subroutines, which waits
until the appropriate clock pulse (for 100 ms operation, the subroutine
waits for the 12th pulse)., If the desired cycle time is exceeded, the over-
flow count is indexed and the subroutine returns control immediately., At
termination, maximum time and number of overflows are communicated

to the operator.

Assembly language listings with detailed explanations of the I/O and timing

routine are presented in Appendix G,

Software Integration

Once programming of the PCMLE algorithm and support software was
completed, organization into the various processing packages could proceed.
Two basic categories were considered: Off-line software validation modules

and the real-timme execution module,
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Off-Line Software Validation

Because the fixed-form program had gone through many modifications, it

was important that the new integer version be checked for correctness.

Also, in the likely event that the integer version did not work on its initial

trial, adequate data for debugging should be available. For these reasons,

the following modules were configured:

1

1.

FFPCMLE--Uses FFMAIN (see Table 2) as the executive
routine, The output is considered to be the "true’ algorithm

output. Runs on H6080,

IPCMLE--Uses IMAIN (see Table 4) as the executive routine,
The output is considered to be an approximate emulation of
the TI990 integer version output. Program options provide
for direct-integer time histories (for comparison with
AMPLPCMLE) or rescaled floating-point time histories

(for comparison with FFPCMLE), Runs on H6080-.

i
AMPLPCMLE--Uses AMPLMAIN (see Table 4) as the executive

routine. The output is identical to that of the real-time
processor (PCPCMLE), if it possessed the required I/0
routines. Runs on TI99%0 AMPL.,

These three modules provided adequate information to resolve all

inconsistencies observed between the fixed-form and integer implementa-

tions,



Real-Time Execution Module

In contrast to the off-line processor that provided comprehensive output
with little attention to program flow and control, the real-time processor
needed to provide minimal output with precise control of operation, Taking
these constraints into account, the flow diagram in Figure 5 was constructed.
Following this diagram, a main program (PSMAIN) was written to perform
calls to the appropriate subroutines in their proper sequence. As the final
step PSMAIN was link-edited to the TI990 AMPL with the FOS, I/0O, timing,
TIPCMLE, and required FORTRAN run time library routines to produce
the PSPCMLE object cassette. (See Appendix H for PSMAIN FORTRAN,
Appendix I for assembly listing, and Appendix J for link editor listing).
This cassette could then be loaded via monitor into the TI990 PS and run

in conjunction with the SDS 9300 real-time simulation,
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INPUT
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KEYBOARD
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Figure 5,
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TI990 PSPCMLE Flow Diagram




SECTION 3

ALGORITHM PERFORMANCE

PSPCMLE was required to meet two primary performance cbjectives:
Channel switching times and parameter estimates should be reasonabiy
close to the values output by FFPCMLE. Also, in order to be considered
as a real-time processor, it must complete its operation (including 1/0)
in a time not exceeding 100 ms per cycle. The program was set up to
allow independent testing of these requirements. To test accuracy,
PSPCMLE was run in stand~alone (cassette I/0) mode and the output

data (MD, MA,. JS, TJ), after interpretation, was compared with FFPCMLE
output. To test cycle time, PSPCMLE was run in a2 "no I/0'" mode, which
gave a lower bound {(off by the time required for TI990/SDS 9300 transfers)
of 83 ms (eight clock pulses). (See Figure 6.)

As the first real-time simulation test case, we used the same demanding
run that had already passed the basic accuracy test: acceleration through
all five channels with a filtered noise test signal input to elevator position
of o = 0.1 rad. ({(See Figure 7 for FFPCMLE plotter output and Figure 8
for PSPCMLE plotter output.) In comparing the plots, it can be seen that
channel switching is very good with the exception of an early change from
four to five. A possible solution to this minor variance is readjustment of
the tikelihood threshhold for the integer version. Parameter estimates
for the integer run are somewhat irregular, an effect that can probably be
traced to roundoff error propagation. Over the entire run, however, the

estimation error appears to be within a tolerable limit.
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SLFea 10 PROGRAM LOADING

L lite 160 102 -

A= 3EC0 e

. PIR

== ) (13 WILS

IECH
STAND-ALONE (CASSETTE-TO-CASSETTE)

[0 o3 = Ready initialization tape and return )

HFARAM = & Number of parameters

HOHAR = K Number of channets

CHC = 1 Change channels?

EiT = 1 Estimate parameters?

ML E = 1 Perform maximum 1ikelihood estimation? L

INPUTS

HlDE s = 15 Number of 16-bit words to output

HLOOP = & Number of sample loops

CYoTIN = g Desired cycle time

IMDEY = E Input device (8,9300--none)

JQUTDEY = 7 Output device {7,9300--none)

-
MAATIN = (12375 Maximum cycle time
NERROF = [HEDT Number of cycle time overflows ouTPUTS
TIMING (NO 1/0)

[C CEl o=

NMEARAM = &

MIHAN = b=}

CHC = 1

EXT = 1

MLE = 1

NWORDE = N/A

mLdar = rill

CrCTIm o= 10N

IRDEY = :

QUTDEY = No inputs or output

MAETIA = D00& R Maximum cycle time for algorithm without 1/0
" HERRDF = 00000

Figure 6. ASR Terminal Input Format with Examples
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The second simulation test was also an acceleration, but with a test signal
of only ¢ = 0,02 rad, With the reduced input level, roundoff error would
he expected to be more significant than in the previous case, and it is.
Channel switching in the first five seconds is hampered considerably. In
addition, the irregularity increased. Simulation tasks with still lower test
signal inputs showed a total lack of reliable estimation capability. (See

Figure 9 for plotter output. )

The finat simulation test was an acceleration-decleration with the original
test signal level. Observing the minimums of the "actual" and "estimate"
plots of M6 and the effective lag of the estimation process appears to be
approximately 5 seconds, This compares favorably with the lag exhibited
by the fixed-form version, and should be adequate for the changes in flight
condition that the processor will encounter. (See Figure [0 for plotter

output.)
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SECTION 4

SUMMARY AND CONCLUSIONS

This report has demonstrated the capability of a microprocessor (TI290)
to perform parallel channel maximum likelihood estimation (PCMLE) in
real-time, Limitations imposed by the microprocessor execution times
and instruction set selection were discussed. A processor conversion
methodology that overcame these limitations has been described in detail,
with primary attention to the issue of software modification. The imple-
mentation has been shown, in simulation testing, to perform in a manner
that closely corresponds to the fixed-form version of the algorithm. As

microprocessor technology continues to develop, higher sample rates and

more complex algorithm implementation with minimal software development

will be made possible,
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APPENDIX B

TI990 ARITHMETIC MODES
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The fundamental limitation on the execution speed of the PCMLE algorithm

is the time required to perform a product and accumulation (PA). The
FORTRAN compiler for the TI990 allows for different arithmetic modes,
offering tradeoffs with respect toc speed, precision, and simplicity of use
{see Table B-1). To establish a baseline, the algorithm was executed in

its original form, which was heavily dependent on floating-point arithmetie,
The unacceptable total execution time of 420 ms/cycle (two parameters,

five channels) reflecis the floating-point PA time of 1400 ms. The remaining

three modes were then considered.

Fixed-integer arithmetic appeared the most promising, combininé‘ the speed
of the integer mode with the automatic scale factor adjustment. Unfortunately,
fixed integer was not available in an extended {double-precision) form, thus
limiting products to one word (16 bits) and variables to eight bits (since
greater values would induce multiplication overflow)., Eight bits (two to

three decimal digits) does not provide the required accuracy, so this

alternative was eliminated.

Next extended-integer operation was examined. The algorithm was recoded
by replacing many of the floating-point PAs with extended-integer (32 bits)
operations, explicitly scaled with multiplication or division by an appropriate
power of two. This change was expected to provide a significant decrease in
execution time, but yielded a surprisingly high 300 ms/cycle, After-the-
fact analysis revealed a PA time (including scaling) of 1240 ms, This can
be explained by the fact that extended-integer operations are performed via

a call to a complex subroutine rather than being compited in-line. With the
addition of the explicit scaling operation, the time is essentially doubled,

vielding the aforementioned value for the extended-integer PA,



TABLE B-1.

COMPARISON OF ALTERNATE METHODS OF
PRODUCT/ACCUMULATION (TI990)

Type Speed

Characteristics {ms) Precision Simplicity of Use

Real 1400 8-bit exponent Automatic scaling
24-bit mantissa

Fixed-integer 60 16 bits; only 8 Automatic scaling
can be used (to performed in-line
avoid overflow)

Extended-integer 1240 32 bits; only Explicit scaling
16 can be used performed in-line
{to avoid over-
flow)

Integer 130 16 bits; 16 can Explicit scaling

be used with
appropriate
assembly
language
modification

performed via
subroutine call
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The final recourse was to explore the possibilities of integer (16-bit) arith-
metic, In the TI990, a multiplication of two 16-bit integers yields a two-
word (32-bit) unsigned result, The FORTRAN compiler uges the lower-order
word of the product which can, in most applications (sufficiently small
operands), be considered as a signed one-word result, The PCMLE require-
ments are slightly different, however, It is necessary to multiply two large
signed integers and return a scaled (shifted) version of the higher-order word
(which contains the most significant bits of the product). This need can most
easily be visualized by considering the operands to be fractions, The result
would then be a two-word fraction, of which only the higher-order one would
be significant. In order to access this higher-order word, it is necessary

either to:

1. Modify the compiler output

2. Write FORTRAN-callable assembly language subroutines

In addition to being impractical, the first option would require tooc much
memory. The second option, because it introduces the added time of a
general subroutine interface, also seems undesirable, However, upon
careful consideration of the specific requirements with respect to number

of arguments and addressing mode, the overhead can be drastically reduced.
The second recoding replaced all the multiplications in subroutines FILT,
SENS, and ACUM with a call to one of four functions (see Table B-2),
Function S performs the basic multiplication and scaling operations and its
speed determines the PA time of 180 ms. This significant reduction in PA
time accounts for a measured average cycle time of 77 ms (two parameter,

five channels) with a possible reduction of 7.5 ms per channel eliminated.



TABLE B-2.

FUNDAMENTAL OPERATIONS DEFINITIONS

Calling Sequence

Function

S(I :,‘:' J:{:) Q :::)

MS(I, J, Q%)

SD(X, Q¥)

MIXI, X}

Multiplies two signed integers and returns
the higher-order word shifted by @ bits
(Q@ > 0 left, Q < 0 right)

Multiplies two signed integers and returns
their two-word product shifted by @ bits

Shifts a signed extended-integer (two words)
by Q bits

Multiplies an unsighed integer by a signed
extended integer and returns the two
highest-order words

* The subprogram assumes indirect
addressing on these arguments,
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TI TXDS FORTRAN 234373#B O7/12/7% 1

0001
QOu2
QOO
o004
QOO0
ODOA
Qo7
0003
[alslapTy
0010
(VI B
Q012
Q013
0014
Q015
QG114
oo17
o188
0019
QO2¢
0021
Q022
0023
0Oz4
0025
0024
Q027
0023
Q027
0030
CGO31
QQ32
Q033
Q034
o035
Q036
0037
o033
Q039
0040
G041
Q042
a4z
o044
0045
0046
Qc47
0043
Q49
QO30
Q031
Q052
0053

LR R ]

oo 000 OO0 OO0 e}

aoaOn

L]

000

10

20

30

(4]

144:21 OFTIONS: 3 FAGE

SUBRIUTINE PCMLE

COMMON/LOGL / CHC, CHOHAN, EST, MLE
COMMON/ INT2/ Cl1HP,C2HP, D(S, 14), 05(5, 2, 16).EIPEZP F(S, 13),
GRS, 2y 8) 2 Jd5, JETEMP, MOOE , NC, NP, R{S2) , SGANS,
X(S10)» XZ{2,10), XY{2,3):Y(2), YP{E)
LOMMHN/INT4/ ANS, ANST . DT, GE(Z), GL{2) . GSRE(3), GEAL(3),
1 TS, TIMES TL(S)
COMMON/REAL/ DZF(2)G520L0(2)  RTJC, RTJIS, RTJZ, SZFP(5,5), .;ZF""(Js- 1) s
THRTJIC, THRTJZ, ZIP(S,2), ZPS(35), IP1, ZP1MAX. ZP1MIN,
2 P2, IPZMAX, ZFZMIN, Z1MIN
LOGICAL LHL,“HLHAN EST,MLE
INTEGER C1HP,CZHF. 0L, DS ELF.E2ZF,F, Gk, @, S, SGANS, X X5, XY, ¥, YP
INTEGER*4 ANZ,AN3I.0T.GE,GL, GSRE, GSRL MO, MS, S0, TL TIME, TL

K‘ Ll

[

HIGH PAZS INFUTS
CALL FH(1)

CALL FH(Z2)

CALL FH(3)
IF(.NCGT.MLE) RETURN

TIME = TIME + OT
ANS = MD(ELF,ANS) + ANSI

STATE UFDATES

Do 10 I=1,NC
CALL FILT(I}

SENSITIVITY UFDATES

DO 20 I=1,NP
CALL SENS(JS.I)

LIKELIHOOO ACCUMULATION

CALL ACUM{J35)

BRANCH TO LOW RATE GPERATIONS ***i**********l!********;********
GO TO (30,40,50,60,7Q), MODE

CYCLE 1. MIN-L CHANNEL SELECTION

CALL CYC1
MQDE = 2
RETURN

CYCLE 2. SIGNIFICANCE TESTS AND CHANGE LOGIC



TI TXDS FORTRAN ?34273#B 07/12/79

0054
0055
Q054
Q0S7
005
QQoe
QUAD
Q041
0062
Q043
[slal .3
O0LS
QOLA
DO&7
QO&S:
D&
Q70
0071
o072
Q073
o074
Q7S
D07&
QG777
0073
007
QO30

[w]

[y RNl

R ]

[ ]

1

40 CALL CYCZ

&Q

70

MQDE = =
RETLIRN

CYCLE 2. CHANNEL TRANSFERS
IF(CHC. ANDL CHOHAN) CALL CYC3

MODE = 4
RETURN

CYCLE 4. PARAMETER INCREMENTS

IF(EST) CALL CYC4

MCDE = S

RETLIRN

CYCLE . FARAMETER UFDATEZS
CALL CYCS

MODE = 1

RETLRN

END

15:44:21

OFTIONS:

[
=

FAGE

[
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TT TXDE FORTRAN 234273#B 07/12/72

COMMON BLOCK/LOGL

LOCN

Q000
Qo04

COMMON BLOCK/INTZ

LOCN

0000
Q004
V1E4
QlES
O20A
030F
0312
03C4
042A
043E

COMMON BLOCK/ INT4

LGCN

QOO0
0002
0014
0028
0043

NAME

CHC
EST

NAME
Z1HP

E1P

NAME

ANS
oT
GL
GSAL
TIME

MODE

LOGICAL
LOGICAL

MODE

INTEGER*Z
INTEGER#2
INTEGER%2
INTEGER#*Z2
INTEGER#2
INTEGER#*2
INTEGER#Z
INTEGER®Z
INTEGER+#2
INTEGER#®*2Z

MQDE

INTEGER*4
INTEGER*4
INTEGER#4
INTEGER#4
INTEGER*#4

BYTES

2
2

BYTES
z

140

2

-
G
<

H

CORNKMNE

BYTES

4
4
=]

12
4

TYFE

SCALAR
SCALAR

TYFE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY
ARRAY

TYFE

SCALAR
SCALAR
ARRAY
ARRAY
SCALAR

L.OCN

0002
0008

LOCN

0002
QVOAS
O1EA
QZ&6A
030C
210
o314
G306
0452
0444

LOCN

o004
GooC
oo1c
Q024
0O4C

15:44:21

/ ALLOCATION 00032 BYTES

NAME

CHCHAN
MLE

/ ALLOCATION 0O44A BYTEZ

NAME

C2HP
0=

EZP

Gk
JSTEMP
NC

k!

X

XY

YP

/ ALLOCATION 900480 BYTES

NAME

ANST
GE
GSEE
T4
TL

COMMON BLOCK/REAL / ALLOCATION ©144 BYTES

LOCN

0000
0010
00ls
0020
QOES
ol114
o12c
0134
013C

NAME

nZr
RTJC
RTJZ
SIrp2
THRTJZ
IFPs
ZF1MAX
P2

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

IPZMIN REAL

SCALAR ALLOCATION

LOCN

0030

NAME

I

MODE

INTEGER#*2

BYTES

BYTES

2

TYPE

ARRAY
SCALAR
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR

TYFE

SCALAR

LOCN

0002
Q014
ooLC
O0E4
QOEC
0123
Q130
0133
140

LOCN

NAME

GSaLo
RTJS
SZF
THRT.IC
IrP

ZF1
ZPIMIN
ZP2MAX
ZIMIN

NAME

QPTIONS:

oW

MODE

LOGICAL
LOGICAL

MODE

INTESER#2
INTEGER#Z
INTEGER#2
INTEGER#2
INTEGER#2
INTEGER®Z
INTEGER#®*Z
INTEGER#®Z2
INTEGER#2
INTEGER#2

MODE

INTEGER#4
INTEGER#4
INTEGER*4
INTEGER#*4
INTEGER#*4

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MORE

BYTES

3V 8]

BYTES

[ (Y]
[N
R SRC R

-
~
o~

100
12

BYTES

12
20
20

BYTES

FAGE

TYFE

SCALAR
SCALAR

TYFE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

ARRAY
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR

TYPE



TI TXDZ FORTRAN 924872#B O7/12/79 15:44:21 OPTIONS: & FAGE

SUBFROGRAME CALLED

NAME TYFE ARGS NAME TYFE ARGES NAME TYFE ARGS
FH REAL 1 MO INTEGER%4 2 FILT REAL 1
SENS REAL z ACLM REAL i F$RCGD RUNTIME
CYC1 REAL 0 cycz2 REAL 0 CYC3 REAL 0
coYc4 REAL 0 CYCS REAL 0 F$RGMY RLINTIME
FEREL RUNTIME F$REA RLINT IME

STATEMENT LABEL:

LOCN  LABEL USE LOCN  LABEL USE LOCN LABEL USE

o062 10 DI END QO7C 20 DO END QOAC 30

aOBA 40 Qocg 5o QOEZ &0

OOF& 70 0030 M7 0030 M&

Q=0 M7 oQesE MLIO 007C M1l

O0DA  M12 QoDA  M13 000A M14

oonA MIS oonA  Mib QOEE M17

OOEE M1s 00EE M1¥

STATEMENT LOCATIONS
LINE LOCN LINE LOCN LINE LOCN LINE LOCN LINE LOCN LINE LOCN

H 0000 3 0010 4 0010 7 0010 4 o010 12 0010
12 Q010 14 0010 1g QOLQ 1% 0o1s 20 Q20 22 0Qza
24 0030 25 Q044 2% QosC 30 0062 34 0074 25 0070
3% GOP2 43 Q02A 47 COAC 43 (a] S0 QOB o4 QOEA
=13 oDCO &7 Q0C& 61 00Cs 43 QDA &4 Q0EQ 62 0QEZ
70 QOEE 71 00F4 75 Q0F 6 77 OOFC 73 o106z S0 0104

ENTRY=0004

PROGRAM SIZE=010E BYTES
DATA SIZE=0Q0Z2 BYTES
COMPILATION COMFLETE

0 WARNINGE

0 ERRCRS



TI TXDE FORTRAN 936872Z%#R 07/12/79 158446255 OFTIONZ: S FAGE

0001
QOO2
0002
Q004
005
0004
Q007
0003
Q0OR
0010
0011
0oLz
0013
o014
0015
0014
00L7
0013
0012
0020
0021
Qo222
0023
Q024
0025
QO2¢&
Q027
0028
0029
Q020
0021
Q022
00332
0034
0035
Q036
0027
0033
Q037
0040
0041
Q42
00432
0044
Q045
Q044
Q047
Q0438
0042
0050
0051
0052
00353

T4

Lo W]

00

o000

OO0

QOO0

SUBROUTINE FILT(K)
K = CHANNEL INDEX

COMMON/LOGL /7 CHC, CHCHAN. EST . MLE
COMMON/ INTZ2/ CIHF.C2HP.D(S,16),05(5,2, 14).E1P, EZF,F (5,13},

1 GK(S.2,3) 5 Jd5, JSTEMF, MODE, NC, NP, B (BE) > SEANS,

2 XS 100, XS(2,10), XY (2,3, Y(3), YF(3)
COMMON/INT4/ ANS, ANSI, DT, GE(Z2),GL(Z)+GSRE(3) - GSRL(3)

1 TJ(S)»TIME, TL(S) !

COMMON/REAL/ DZF(2), GEAL0 ) » RTJC, RTAS. RTJZ, SZF (5.5), SZP2(S, S)
1 THRTJC, THRTJZ, ZF (S, 2)+ ZFS(5), ZF1, ZPIMAX, ZPIMIN,
2 P2, IPZMAX, ZP2ZMIN, Z1IMIN

LOSGICAL CHC, CHOHANGEST, MLE ,

INTEGER C1HF,CZHP, D, OS5, ELIF.E2F, F, G &5 S, SGANS, X, X3, XY. Y. YP
INTEGER#4 ANS,ANSI,DT.GE.GL. GEQE, G50L, MD, MS, 50, TJ, TIME, TL
INTEGER F1,F2,F4

INTEGER®*4 TEMFA, TJK

DATA 1/3/

SAVE X

X(K:1) = X(K.5)
X(K.2) = X(K,4)
X(K.3) = X{H.7)
X(K,4) = X(K.8) |
RESIOUALS

X(K,?) = Y#(l) - XK, 1)
X(K,10) = YP(2) - S(D(K-14),X(K,1),0(84))

i = S(OUGLID)» XK 2)»@(2)) — S(O(K, 16}, X(K>48),Q(3))
UPLDATE X
X(K>5) = é(D(Kyl),X(K11)1Q(4)) + S(DMK:2), X(K:,2),Q(3))

1 + S(D(K:2): X(K.3),R(86)) + S(DIK,4)5 X{(K:4).Q(7))

2 + S(O(K,11),YP(I),Q(8))

3 + SIFIK,6)- X(K.?1,209)) % S(FUG 10 XK 1005 @(10))
X(K:8) = S{INK,5)» X(K,1)-Q¢11)) + S(D(Ks 6} XK 2}, R(12))

1 + SO 7)) XG0 013)) + S(DK.8), X(K.4),2(14))

2 + S(D(K,12),YP(I)-,Q(1T))

3 + S{F(K,7),X(K,?),2(14)) 4 S(F(K,11),X{K,10),Q(17))
X(K>7) = S{IMK,?)> X(K,32),Q018})

1 + SR8 X(K2),0019)) + S(F(,12), X{K,10),3(20))
X(#-8) = S(IMKL10).X(K»4),0(21)) + S(D(K,13), YP(I),Q(22))

1 + S(F(K,P)a X(K:?)},R2(23)) + SIF(K,13) X{K-10),2(24))

(NU) (RID (NY)

ITEMPL = S(X(K:s3)2 X{K,?).0(53))
ITEMPZ = S(X(K,%), X(K,10),Q0(233})
ITEMP4 = S(X(K,10),X(K,10),8(88))



TI TXDI FORTRAN D2&373#B 07/12/79 15:44:55 OPTIONS: <

0054
QOSE
0OSe
00S7
00SE
QOS99
[s[8 T X0
0041
0062
QOE2
Q04
QO4S
0044

L ]

F1 = F(K,1)
F2 = F(K,2)

F4d = F(K,4)

TEMPA = MS(F1, ITEMP1,Q(Z5)) + MS(FZ, ITEMFZ,@(26))
1 + M3(F4, ITEMFA,8(27))

SUM .

TJK = TdED
TJ) = MOKELIP, TJE) + SDCTEMPA,Q(Z8))

RETURN
END

FAGE

<
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TT TXDES FORTRAN #34873#B O7/12/79 15:44:55 OFTIONS: < FAGE

COMMON BLOCKE /LOGL 7/ ALLOCATION 0003 BYTES

LOCN NAME MOLE BYTES TYFE LOCN NAME MODE BYTES TYPE
0000 CHI LOGICAL 2 SCALAR Q002 CHCHAN LOGICAL 2 SCALAR
0004 EST LOGICAL 2 SCALAR Q004 MLE LOGICAL 2 SCALAR

COMMON BLOCK/INTZ 7/ ALLOCATION 044A BYTES

LOCN NAME MODE BYTESZ TYFE LOCN NAME MODE BYTES TYFE
0000 C1HP INTEGER®Z 2 SCALAR Do0e C2HF INTEGER#2 2 SCALAR
QL4 D INTEGER#Z2 1460 ARRAY 00A4 D% INTEGER®Z 220 ARRAY
O1E4 ELF INTECGER®Z 2 SCALAR O1E& EZP INTEGER#2 2 SCALAR
QlES F INTEGER*Z 120 ARRAY o2é6Aa GK INTEGER®2 160 ARRAY
D30A JZ INTEGER#Z 2 SCALAR O30C JSTEMP INTEGER#Z 2 SCALAR
O20E MOOE INTEGER#*Z 2 SCALAR 0210 NC INTEGER#2 2 SCALAR
0312 NF INTEGER®Z 2 SCALAR 0314 0 INTEGER®Z2 174 ARRAY
Q3C4 S5ANE INTEGER#*Z 2 SCALAR 0306 X INTEGER®Z 100 ARRAY
0427 X5 INTEGER#Z 40 ARRAY 0452 XY INTEGER#2Z 12 ARRAY
04%E Y INTEGER#2 & ARRAY 0444 YP INTEGER%2Z & ARRAY

COMMON ELOCK/INT4 / ALLOCATION Q0460 BYTES

LOCN NAME MOTDE BYTES TYPE LAOCN NAME MODE BYTES TYFE
0000 ANS INTEGER#4 4 SCALAR 0004 ANSI INTESGER+4 4 SCALAR
o002 0T INTEGER#4 4 SCALAR 0QOC GE INTEGER*4 2 ARRAY
0014 GL INTEGER#*4 3 ARRAY 0O1C GSRE INTEGER#4 12 ARRAY
0028 GsaL INTEGER#4 12 ARRAY 0034 Td INTEGER*4 20 ARRAY
0043 TIME INTEGER#4 4

SCALAR 004C TL INTEGER*4 20 ARRAY

COMMON BLOCK/REAL /7 ALLOCATION 0144 BYTES

LOCN NAME MODE BYTES TYFE LOCN NAME MQDE BYTES TYPE
Q000 DZP REAL 2 ARRAY 0008 GSELO REAL 8 ARRAY
0010 RTJIC REAL 4 SCALAR o014 RT.JS REAL 4 SCALAR
a018 RTJZ REAL 4 SCALAR QoL =ZF REAL 100 ARRAY
000 SZIP2 REAL 100 ARRAY D0E4 THRTJC REAL 4 SCALAR
00EE@ THRTJIZ REAL 4 SCALAR QUEC ZF REAL 40 ARRAY
0ii4 ZP3 REAL 20 ARRAY 0122 ZFP1 REAL 4 SCALAR
012C ZFPIMAX REAL 4 SCALAR 0130 ZPIMIN REAL 4 SCALAR
0134 ZIP2 REAL 4 SCALAR 0138 ZIFzZMAX REAL 4 SCALAR
013C ZP2ZMIN REAL 4 SCALAR 0140 ZIMIN REAL 4 SCALAR

SCALAR ALLOCATION

LOCN NAME MODE BYTES TYFE LOCN NAME MODE BYTES TYFE
0030 I INTEGER#2 2 SCALAR Q032 ITEMP1 INTEGER#2 2 SCALAR
0034 ITEMP2 INTEGERx*Z 2 SCALAR 003¢& ITEMP4 INTEGER#*Z 2 SCALAR
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TI TXDS FORTRAN PI&S73#H O7/12/7% 15:446: 55 OPTIONS: S PAGE

0023 F1L INTEGER#®Z 2 SCALAR 00zA F2 INTEGER#Z 2 SCALAR
Q0zC F4 INTEGER#Z 2 SCALAR QOZE TEMFA INTEGER#4 4 SCALAR
0042 Tk INTEGER®4 4 SCALAR

[HMMY ARGLUMEMT ALLOCATION

LOCN NAME MODE BYTEZ TYFE LOCN NAME MODE BYTES TYFE

0046 K INTEGER*2 2 SCALAR

4

77



78

TT TXDS FORTRAN F246373#B Q7/12/77

SUBFPROGRAME CALLED

NAME TYPE ARGE
S INTEGER#Z 3
sh INTEGER#4 2

STATEMENT LOCATICNS

LINE LOCN LINE LOEN
1 [sTalnln} =1 Q01Z2
15 o1z 14 Qo2
24 QO20 25 0oz

40Q 0ZAE 44 Q452
54 0&A4 S5 Q&AE
45 Q770 &b Q772

ENTRY=0004

FPROGRAM SI1ZE=077% BYTES

DATA SI1ZE=DOF2 BYTESD
COMFILATION COMPLETE
O WARNINGS

¢ ERRORS

NAME

Mz

LINE LOCN
& oolz
17 Qo122
264 D034
44 0510
S& Q&B4

133

TYFE

at=3

ARGS

INTEGER#*4 3
FHRGMY RUNTIME

LINE LOCN
G Q012
iz Q012
30 00ZE
51 OSFC
57 0&BA

opP

LI

i1
19
31
o2
&2

TIONS:

NAME

MO
F$REA

NE LOCN

o1z
0012
004E
0&34
Q7246

FAGE
TYFE ARGS
INTEGER#4 2
RUNT IME
LINE LOCN
14 0012
23 0012
3b 0100
53 0660
&3 0734

|



TI TXDS FORTRAN P24273#R Q7/12/79 15:22:2 24 OPTIONS: = PAGE 1
000l SUBROLITINE SENS (K, )

o002

Q002 C J = PARAMETER INDEX

o004 o K = CHANNEL INDEX

QQO5

CGO0O& COMMON/LOGL S/ CHC, CHOHAN, EST, MLE

0007 COMMON/INTZ/ CLHP, CZ2HP,D(S, 14).05(5,2,16).E1F.EZP-F(5,12),

[Wlelnt] 1 GRS, 2,3) 2 J5, JSTEMP, MODE » NC, NP, 2(33) , SGANS,

0002 2 X(S: 10, XS{2, 10 XY (2, 3), Y (2 YP(3)

G010 COMMON/ INT4/ ANS, ANSI.DT.GE(2)»GL{2)» GTRE(R) , GSAL(E)

0oLl 1 T TIME, TL(S)

o012 COMMON/REAL/ DZFP(2),G20LO(2)»RTJC, RTJS RTJZ.SZIF (S, 5), SZF2(5,5),
0013 i THRTJC: THRT.AZ, ZP (S, 30 » ZP5(5) ., ZP1, ZFPIMAX, ZF1MIN,
0c14 2 ZPZ2, ZPZMAX: ZP2MIN. ZIMIN

o015 LOGICAL CHC, CHCHAN, EST,MLE

Q0O1A INTEGER C1HF,CRHF, D, D5, ELF . E2F, F 4 Gk, G S5, SGANS, X2 XS5 XY Y YP

o017 INTEGER#4 ANS,AM3SI, DT, 5E,GL, GSRE, GSEL, MO, M3, 50, TH TIME. TL

0no1E DATA 1/23/

GO1?

Q020 O SAVE GRAD X

0021 ©

0022 X5(h 1) = X5(d.5)

023 XS(d2) = X5(J:6)

o0z XS{ 2y = XS( ) 7)

0025 X5{J4) = XS5(d.3)

Q024 C

0027 C GRAD NU

0023 C

Qo9 XS8(d,¥) = — XS(J.1)

Q030 XS5(Jr10) = - S(D(K:14),XS(J, 1), 0(29)) ~ S(ONK, 15), X5(Jd, 2. 00300
0031 1 = S(D(K- 16, X504, 4),2(31)) ~ S(DS(K+dy 143, X{K 1), 2(22))
Q0z2 2 = S(DS(K,Jds 153, X{K,2)22(332)) — S(DS(K,Ju16) X (K- 4),0(24))
o033 C

00z4 C GRAD X UFDATE

O3S C ;

QO34 XS{ 8} = S(DH{K, 1) XS0 1), B(35)) + S(D(K,2).XS(J 2}, Q(328))

0037 1 + S(DIK,2)- XS (d3){37)) + SIDIK,3)2XS5(4),R0(33))

o038 2 + S(DS(K, 1) X (K1) Q(3P)) + S(DOS{K,Jd»2) s X(K+2)-01(40))
0037 3 + S(DS(Ky s 3) 3 X(K:3),0(41)) + S(DS(K,J4). X(K,4),2(42))
0G40 4 + S(DS(K,J,11),YF(IY,Q{43))

0041 ] + SUF(KsA) 2 X3(Ja2)-0044)) + S(FIK,10),X5(d:1D),5H45))
cQ4z & + S(GKGH U 1) XKL R (B(486)) + S(GKIK JyS)» X (K, 10),0(47))
0043 XS{J:48) = S(DKLS)» XS 1) Q04300 + S{DIK. 6 X5{J22) 1 G{(47))

0044 1 + S(I(K> 7Y XS( 300500 + S(D(K, S, X5(0, 4),3(51))

Q045 2 + SUDS(K,d:T) XKL 1), 8(52)) + S(DS{K,Ji &) XK 2D (S2))
0044 2 + S(DS(K, 7)) X(K3),Q(54)) + S(OS(K:Ja8B)» X (K 4),03(55))
Q047 4 + S{DS(K,J-12),YP(I),R(56))

Q048 3 + S(F(K-7):XS(J?)HR(57)) + S(F(K,11),XS{(d10)(58))
on4? & * SUGK(K S, 2), XKL 2),8(59)) + S(CGK{K:Jr &) XK 10), 205607 )
QOS0 XS(J,7) = S(IK, ), XS (S 3)>E(61))

Q051 i + S{F(K:2)+ XS(J: 235 Q(62)) + S{F(K, 12}, XS(J: 100,083
0052 2 + S(GK(K: J:3) 2 X (K ¥} R{&4)) + S{GKIKsJr 702 X(K» 10) G (£5))
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TI TXDS FORTRAN 23A873%B 07/12/7% 15:22124 AFTIONS: 3 PAGE

0053
0054
[al0bsta]
Q054
0057
0052

XS 3)
1
>

RETURN
END

+ + 1

S(DK, 1032 X5(J:4),0(64))
SIFE,2r s XS0 F) o (&7)) + SIF(K13): X3(J+10)2(63))
SOK(K, Ja 4 XK )2 0(67)) + SIGKIK,J»8) 2, X (K, 10),R(70))

2



TT TXDF FORTRAN 73&273%B 07/12/7% 15:22:2¢4 OFTIONS: 5 FAGE

COMMON BLOCK/LOGL /7 ALLODCATION 0003 BYTES

LOCN NAME MODE RYTES TYPE LOCN NAME MODE BYTES TYFE
0000 CHC LOGICAL 2 SCALAR 0002 CHCHAN LOGICAL 2 SCALAR
Q004 EZT LOGICAL 2 SCALAR Q006 MLE LOGICAL 2 SCALAR

COMMON BLOCE/INT2 / ALLOCATION (Q46A BYTES

LOCN NAME MCDE BYTES TYFE LOCN NAME MODE BYTES TYFE
Q000 C1HF INTEGER®*Z 2 SCALAR 0002 CzZHP INTEGER®Z 2 SCALAR
Qo4 D INTEGER®Z 1&£0 ARRAY o0A4 D= INTEGER#2 220 ARRAY
Ol1E4 ELF INTEGER#*2 2 SCALAR O1ES EZF INTEGER+2 2 SCALAR
QlEZ F INTEGER®Z 1320 ARRAY Q26A GK INTEGER#2 1460 ARRAY
030A U3 INTEGER®Z 2 ZCALAR 030C JSTEMFP INTEGER*Z 2 SCALAR
030E MODE INTEGER#2 2 SCALAR 0210 NC INTEGER#2Z 2 SCALAR
0312 NP INTEGER#*Z 2 SCALAR 0314 @ INTEGER#®Z 174 ARRAY
Q304 SGANS  INTEGER®*2 2 SCALAR QICE X INTEGER#2 100 ARRAY
0426 X= INTEGER#2 40 ARRAY 0452 XY INTEGER*Z 12 ARRAY
Q4SE Y INTEGER#Z & ARRAY 0444 YP INTEGER#Z & ARRAY
COMMON BLOCK/INT4  / ALLOCATION 0060 BYTES

LOCN NAME MODE BYTES TYPE LOCN NAME MODE BYTES TYFE
0000 ANS INTEGER#4 4 SCALAR 0004 ANZI INTEGER*4 4 SCALAR
QOOz 0T INTEGER*4 4 SCALAR aooc GE INTEGER®#4 2 ARRAY
0014 GL INTEGER#®4 2 ARRAY 0010 GZHE INTEGER+4 12 ARRAY
028 GEUL INTESER®4 12 ARRAY 0034 TJ INTEGER+4 20 ARRAY
00432 TIME INTEGER*4 4 SCALAR Q04C TL INTEGER®#4 . 20 ARRAY
COMMON BLOCK/REAL 7/ ALLOCATION 0144 RYTES

LOCN NAME MIDE BYTES TYPE LOCN NAME MODE BYTES TYPE
0000 DZP REAL 8 ARRAY 0008 GEGELO  REAL g ARRAY
0010 RT.IC REAL 4 SCALAR 014 RTJS REAL 4 SCALAR
001& RTJZ REAL 4 SCALAR ool 52F REAL 100 ARRAY
o030 SZFZ REAL 100 ARRAY QOE4 THRTJC REAL 4 SCALAR
QOEZ THRTJZ REAL 4 SCALAR QQEC ZIF REAL 40 ARRAY
0114 ZPS REAL 20 ARRAY o1zz 2Pt REAL 4 SCALAR
Q12¢ ZPIMAX REAL 4 SCALAR 0130 ZPIMIN REAL 4 SCALAR
0134 ZP2 REAL 4 ZCALAR 0132 ZFZMAX REAL 4 SCALAR
L0130 ZPZMIN REAL 4 SCALAR 0140 ZIMIN REAL 4 SCALAR
SCALAR ALLOCATICN

LOCN NAME MODE BYTES TYFE LOCN NAME MODE BYTES TYFE

0030 I INTEGER#2 2 SCALAR
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TI TXD3 FORTRAN 936873%B G7/12/77

DUMMY ARGUMENT ALLOCATION

LOCN NAME

0032 K

MODOE

INTEGER#2

BYTES TYFE

2 SCALAR

15:22:26

LOCN NAME

00324 J

OPTIONS: S

MODE

INTEGER#*2

FAGE

BYTES TYFE

2 SCALAR

4



T TXOS FORTRAN 926873%B 07/12/7% 15: 22124 OFTIONS: =

SUBPROCGRAMS CALLED
NAME TYFE ARGE NAME TYFE ARGE NAME TYFE

o} INTEGER#2 3 F$RGMY RUNTIME

STATEMENT LOCATIONS

LINE LOCN LINE LOCN LINE LOCN LINE LOCN LLINE LOCN LINE
1 QOO0 & o012 7 0012 10 0012 12 0012 15
14 0012 17 o1z 12 Q01 22 0012 pdc 0020 24
25 3034 29 QO3E 30 Q0S4 26 01Ds 43 0563 50
53 ovDé 57 QROA bt GROC

ENTRY=00104

FROGRAM SIZE=0ROC BYTES
DATA SIZE=010Z7 BYTES
COMPILATION COMPLETE

O WARNINGS

O ERRORS

PAGE

ARGS

LOEN

0oLz

QOZA

OSA2

=)

83



TI TXDS FORTRAN WD&S73=B O7/12/7% 15:54: 04 OFPTIONS: S PAGE

0001
0007
uuu4
0005
Q04
0007
003
Q0P
0010
Q011
0012
0013
0014
QQ1S
0016
o017
oo1a
Q012
0020
a0zt
o022
00232
QOZ4
0025
0026
0027
Q028
0027
0030
0031
0032
0033
o034
Q03S
Q0346
Q037
0038
003%
Q040
0041
o042
Q043
o044
0045
00446
Q047
o043
0043
0050
QOS2
0052
Q033

84

[t

D00

[y NwEy]

SUBRCUTINE ACLM(K)}
k. = CHANNEL INDEX

COMMON/LQOGL 7 CHC, CHOHAN, EST . MLE
COMMON/ INTZ/ CiHP,C2HP. D05, 14),D5{5, 2, 16),E1P, E2P,F (5, 13),

1 GK(qaiaq),d:sdcTEHP MODE, NC, NF» &@(23) s SGANE,
2 (5100, XS(2,10), XY (22 3), Y (3), YP(3)
COMMON/ INT4/ ANE,ANSI DT, GEL,GEZ,GL1, GL2, GSREL, GSUER, GIRES,
1 GSCLL, GS0LZ, BELE, TJ(S), TIME, TL{S)
COMMON/REARL/ DIZF(2),GSQLOC2), RTH RTJS, RTJIZSZF (5 5)'¢ZP4(4:¢),
1 THRT IS, THRTAZ, ZFP (5,2, ZPS(5), IP1, ZP1IMAXS ZP1MIN,
2 IP2, ZFZMAX, ZP2ZMIN- ZIMIN

LOGICAL CHC, CHCHAN, EST.MLE

INTEGER C1HP, CZHF, 0, DS, EAP, E2P. F, G @, 5, SGANS, Xy X5 XY Y, YP
INTEGER®#4 ANS,ANSI.DT,GE1.S5EZ,GLL,GLZ,GSREL . GSREZ, GSOES,

H GSEL1, GSOL2, GSHL3, MD, MS, S0, TJd, TIME, TL

INTEGER T11.T12,T21,TZZ, X7, X10

INTEGER#*4 S1,52,3511,512,522

EQUIVALENCE (NULL, XS(1,2) )y (NULZ, XS{1,50) ),

H (NU21, XS(2,5) ) (NUZ2, XS5(2,10))

T11 = S(XS(1,9),F(K, 1),Q(57)) + S(X5(1,10),F(K, 23, R(71))
T2 = S{XS5(1,9),FIK:3),8(72)) + S(XS(1,10),F(K,4),Q(87})
T21 = S(XS(Z:,9)F (K, 1).@{37)) + S(X3(2,10),F(K.2),Q(71))
T22 = S(XS(2,9).F(K,3).H{72)) + S(X3(2,10),F(K.4),R(37))

S = (GRAD NUY(RI) (N

X9 = X(K,9)

X10 = X(K.10),

S1 = MS(T11,X9,0(73)) + MS(T12,X10,0(74))
§2 = MS(TZ1,X7,R(73)) + MS(TZ2,X10,Q(74))

GEi1 = MD(E2P.GE1~-St) + Si

GE2 MD(E2P,GEZ-52) + 52
GL1 = MEB{E1P,GL1) + SD(GEL.Q(75))
GLz = MD(ELIP,GL2) + SDUOGEZ,R(75}))

S = (GRAD NU)({RI) (GRADO NLI)

511 = ME(T11.NULL.Q(7&)) + ME(TLI2,NU12,Q(77))
$12 = MS{TL11,NUZL,R2(74)) + MS{T12,NUZ2,Q(77))

S22 MSCTZ1, NUZL,Q(76&)) + MS{TZ22:NUZZ,Q(77))
GEOEl = MOCEZR,GIOEL-S11) + S11

GIQEZ = MD(EZP,GSREZ-S12) + 512

GSRE3 = MD(EZP,GSREZ-S2Z) + S22

GSal = MD(EIP,.GIRLL) + 5D(GSQE1:b(78))

GSALZ = MD(E1P,GSOL2) + SD(GSREZ.Q(7E))
GSQL: =

MOCELP, GSRL3) + SD(GSEEZ,Q(78))



TI TXLDES FORTRAM S246273#B Q7/12/79

0054
0055 RETURN
0054 ENLi

15:54: 04

OFTIONS:

=

FAGE

85
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Tl TXDE FORTRAN F3LS723%B Q7/12/79

COMMON BLOCK /LOGL

LOCN NAME

000 CHC
0004 EST

COMMON BLOCK / INTZ

LOCN NAME

0000 C1HF
0004 D
OlE4 ELP
O1ES F
030A J3E
OZOE MODE
0312 NP
Q3C4 SGANS
D428 X5
G45E Y
0447 NULL
044C NUZ21

COMMON BLOCK./INT4

LOCN NAME

0000 ANS
QO0s 0T
Q010 GEZ
Qo018 GL2
0020 G3REZ
0022 GSALL
0020 GSILS
0042 TIME

COMMON BLOCK/REAL

LOCN NAME

0000 DIP
0010 RT.UC
0018 RTJZ
Q080 SIF2
00ES THRT.Z
0114 IPS
012C ZP1MAX
0134 P2

MOLE

LOGICAL
LOGICAL

MODE

INTEGEFR#2
INTEGER#Z
INTEGER®Z
INTEGER#2
INTEGER#Z
INTEGER#*2
INTEGER®Z2
INTEGER#2
INTEGER®Z
INTEGER#Z
INTEGER#®Z2
INTEGER#*2

MODE

INTEGER*4
INTEGER#4
INTEGER#4
INTEGER®4
INTEGER*4
INTEGER#4
INTEGER®#4
INTEGER*4

MCODE

REAL.
REAL
REAL
REAL
REAL
REAL
REAL
REAL

013C ZFZMIN REAL

/ ALLOTATION

BYTES

P

2

BYTES

=

140

13

RS RYMR N DR

BYTES

LRI

BYTES

TYFE

SCALAR
SCALAR

TYPE

SCALAR

ARKRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY
ARRAY
SCALAR
SCALAR

TYPE

SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR

TYPE

ARRAY
SCALAR
SCALAR
ARRAY
ZCALAR
ARRAY
SCALAR
SCALAR
SCALAR

LQOCN

Qo2
0004

LOCN

0002
00A4
01ES
026A
0300
0310
0314
0ICE
0452
0464
044E
0450

LOCN

o004
2lelem
0014
00tc
Qo024
0o2c
Q034

" 004C

LAOCN

0003
0014
[e]u} It
O0E4
QOEC
o12e
0130
0138
0140

15:54:04

0003 BYTES

NAME

CHCHAN
MLE

/ ALLOCATION 044A BYTES

NAME

CZHP
ps
EZP
G
JETEMF
NC

G

X

Xy

YpP
NU1Z2 .
NUZZ

/ ALLOCATION 004G BYTES

NAME

ANST
GE1L
GLi
GSQE1
ESREZ
GSaL2
Td

TL

/ ALLOCATION 0144 BYTES

NAME

GEAL0
RTJS
SIP
THRTJC
F

IF1
ZF1IMIN
IPEMAX
ZIMIN

OFTIONS: 5

MOLOE

LOGICAL
LOGICAL

MODE

INTEGER*2
INTEGER#2
INTEGER#Z2
INTESER®Z
INTEGER#*Z
INTEGER*2
INTEGER#2
INTEGER#2
INTESER#Z
INTEGER#*Z
INTEGER#2
INTEGER#*Z

MODE

INTEGER#4
INTEGER#4
INTEGER#4

INTEGER=®4

INTEGER*4
INTEGER#4
INTEGER*4
INTEGER*4

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTES

k) b3

BYTES

2
220
bt

1460

1764
1G0

-
[N ]

BYTES

OCShbBBELS

[N

BYTES

]
4
100
4
49

hEd bbb

FAGE

TYFE

SCALAR
SCALAR

TYFE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY
SCALAR
SCALAR

TYFE

SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY

ARRAY

TYFE

ARRAY
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR



TI TXDS FORTRAN 934L373#B Q7/12/7%

SCALAR ALLLOCATION

LOCN NAME MODE BYTES
0020 T1i INTEGER®Z 2
Qo4 T21 INTEGER#2 z
O3z X9 INTEGER#2 Z
Q03EC 31 INTEGER#4 4
o044 St INTEGER®4 4
QO4c S22 INTEGER =4 4

DUMMY ARGUMENT ALLOCATION
LIOCN NAME MODE BYTES

QO30 K INTEGER#2 2

TYFE

SCALAR
SCALAR
SCALAR
ZCALAR
SCALAR
ZCALAR

TYPE

SCALAR

LOCN

003z
Q024
OOZA
o040

00453 ¢

i5:534:04

NAME

Tiz
TZZ
X10

e

L]
-
]

NAME

CFTIONS:

MODE

INTEGER®2
INTEGER*=Z
INTEGER+Z
INTEGER®4
INTEGER®4

MODE

=

BYTES

FE- W N

BYTEZ

FAGE

TYFE

SCALAR
ScaLAR
SCALAR
SCALAR
SCALAR

TYFE

87



TI TXDT FORTRAN 9Z46073#B Q7/13/7% 15:54:04 OPTIONS: = PAGE
SUBPROGRAMI CALLED

NAME TYPE ARGS NAME TYPE ARGS NAME TYFPE ARGE
= INTEGER#Z2 & M3 INTESER*4 3 MD INTEGER#4 2

=0 INTESER#4 2 F$RGMY RUNTIME F$REA RUNTIME

F$REL RUNTIME F$RES RUNTIME

STATEMENT LOCATIONS
LINE LOCN LINE LOCN LINE LOCN L INE LOCN LINE LOCN LINE LOQCN

i 0000 S G112 & ooL2 b4 Q012 1% 0012 14 00iz
15 0012 14 oolz 12 0012 17 Q012 20 o012 23 0012
24 Q034 23 QOF 2 2& Q15E 30 Q1CcA 31 0104 a2 O1ilA
33 0220 25 ()l v 24 0272 ag QOZBE 39 02F4 43 0324
44 0370 45 O3R6 47 O3FC 43 0423 49 0454 o1 0480
52 04B& 53 Q4EL =k 0522 56 0524

ENTRY=0004

FPROGRAM SIZE=0524 BYTES
DATA SIZE=00D2 BYTES
COMFILATION COMPLETE

0 WARNINGS

O ERRORS



TI TXDS FORTRAN 93487I#B 07/12/77 146:34:14 OPTIONS: S FAGE
[&luls)] SHBROUTINE FH(I)

QO

aQ03 C I = MEASUREMENT INDEX

0004

Q005 COMMION/LOGL/ CHCO . CHOHAN, EST. MLE

QODA COMMON/INTZ/ CHR(2),D(S,16) . 05(S, 2, 143, EIFP.EZP.F(S,132),

Q007 i GR (S, 2+ 8) ]S, JETEMF, MODE . N2, NP, 1 (25 ) , SGANS,

0O ped X(S10), X5(2,10), XY(2:3},¥Y(3)»YP(3)

[alslwig COMMON/INT4/ ANZANSL,OT.GE(Z).GLIZ) »GIEE(D) » GSAL(2) .,

0010 1 TJ(S), TIME, TL(Z)

0011 COMMON/REALYZ DZFP(Z),GERLO(Z) ,RTJIC, RTJIS, RTUIZ, SZF(S,5), SZP2(5,5),
0012 1 THRTIC, THRTJZ, ZP {5, 20, ZF3(5). ZP1, ZFIMAX, ZF1MIN.
Q0013 z LPZ, IPZMAX, ZFZMIN, ZIMIN

Q014 LOGICAL CHC, CHCHAN,EST. MLE

Q019 INTEGER CHF.[L DS ELP, E2P, FH GE, 3, 5, SGANS, X- X5 XY. Y. YP

Q014 INTECGER#4 ANS, ANSI. DT, GE,GL, GSRE, G38L, MD. M3, 50, TJ, TIME. TL
Q017 INTEGER DOTL(Z2)

0013 EGUIVALENCE (DT,DTD)

Q012 ODATA Jd/1 /K727

QOZO I

[aTaprey FILTER

02z o Y/U= (S#3)/(5#5 + Z#DxWa + Wil)

GO23 C© i

Q24 YR(I)Y = Y{I) = S(CHP () XY (L1, I}, Q{(72}) — S(CHRF(K) . XY(Z,1),2(20))
QU235 XY(1,1) = XY(1,1) + S(DOTD(KEY, XY (2, 1) R(37))

0024 XY(2,I) = XY(2-I) + S(OTDUK) . YF(I)-32{27))

3027

0028 RETLIRN

Q02 END

1

89



90

TT TXDS FORTRAN

COMMON BLOCK/LODGL  /

LOCN

QOO
0004

COMMON BLOCK/INTZ

LOCN

Q000
Q0A4
O1E&
QZ&A
0300
0310
0314
0304
0452
Q444

COMMON BLOCK/INT4

LOCN

DONG
ooos
o014
QO2E
Q048
0003

COMMON BLOCK/REAL

LOCN

0000
QG110
0018
QGO20
DOES
0114
o1zc
0134
013C

NAME

IZHZ
EST

NAME

CHF
0
EZF
Gk

JSTEMF

NC
B!
X
XY
YF

NAME

ANS
oT
GL
GEEL
TIME
DTD

NAME

DIP
RT.JC
RT.JZ
SIFZ
THRT.IZ
IFs
ZP1MAX
IF2
ZFZMIN

MOLDE

LOGICAL
LOGICAL

MCLOE

INTEGER#Z
INTEGER®Z
INTEGER#Z
INTEGER#2
INTESGER®2
INTEGER#®Z
INTEGER#2
INTEGER#2
INTEGER#2
INTEGER#Z

MODE

INTEGER#4
INTEGER#4
INTEGER#4
INTEGER#*4
INTEGER+4
INTEGER#Z

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTE

=
=1

b

BYTEZ

BYTE

BYTE

S

E O Tl SO

S

PIEDT7 IR 07 /L2779

TYFE

SCALAR
SCALAR

TYFE

ARRAY
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYFE

SCALAR
sSCALAR
ARRAY
ARRAY
SCALAR
ARRAY

TYFE

ARRAY
SCALAR
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR

LOCN

novZ
0004

LOCN

Q004
ClE4
OLES
G30A
0320E
0312
03C4
Q42ZA
045E

LOCN

0004
@00C
0o1cC
Q034
004C

"LOCN

0008
0014
0o1c
GOE4
QOEC
0128
0130
0132
0140

14:34: 14

ALLDCATION 0002 BYTES

NAME

CHCHAN
MLE

/ ALLOCATION ©0446A BYTES

NAME

D
EIF

E

J5
MODE
NP
SGANS
X3

Y

/ ALLOCATICON  0Q0&0 BYTES

NAME

ANST
GE
GSOE
TJ
TL

/ ALLOCATION 0144 BYTES

NAME

GSELO
RTJS
SZP
THRTJC
ir

Pl
ZFIMIN
IFZMAX
Z1MIN

OFTIONS: S

MODE

LOGICAL
LOGICAL

MODE

INTEGER®2
INTEGER*Z
INTEGER*2
INTEGER#2Z
INTEGER®Z
INTEGER*2
INTEGER#Z
INTEGER#Z
INTEGER®2

MODE

INTEGER#4
INTEGER*4
INTEGER#4
INTEGER*®4

INTEGER#4

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTES

[N A

BYTES

1460

[,
[

O MM R RO

ES

BYTES

=4
12
20
20

BYTES

100

40

PNy

TYFE

SCALAR
sCALAR

TYPE

ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
BCALAR
ARRAY
ARRAY

TYFE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

ARRAY
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR

)



TI TXDS FORTRAN 734873#B 07/12/79

SCALAR ALLOCATION
LOCN NAME MODE BYTES TYFE

Q030 J

DUMMY ARGHUMENT ALLGCATIGN
LOCN NAME MODE BYTESZ TYFE

0024 [ INTEGER®Z 2%

[l

INTEGER#Z 2 SCALAR

ALAR

14:34:14

LOCN NAME

0032 K

LOCN NAME

OPTIONS: S
MODE
INTESER*#Z
MILDE

TYFE

SCALAR

TYFE
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TI TXDS FORTRAN #3&873#B Q7/12/7% 14224214

SUBPROGRAME CALLED
NAME TYFE ARGS NAME TYFE

5 INTEGER#Z 3 F$REMY RUNTIME

STATEMENT LOCATIONS
LINE LOCN LINE LOCN LINE LOCN L.INE

1 alutelu) =1 012 é Q012 9
1S 0012 14 a1z 17 o1z 1z
25 009s 24 oong 2a 0100 29

ENTRY=0004

PROGRAM SIZE=010E BYTES
DATA SIZE=0054 BYTES
COMPILATION COMPLETE

0 WARNINGS

O ERRORE

ARGS

LOCN

N0L2
0012
010E

OPTIONS: S

NAME

LINE LOCN

11
17

0012
0012

TYPE

LINE

14
24

ARGS

LOCN

0012
ele) b



TI TXOZ FORTRAN S2&873%B Q7/12/7% 1623352 CGPTIONS: 35 FAGE

0021
0o02
[alulnled
0004
QOOS
[alu]sYN
aon7
QO3
[]8]a b
o010
Q011
Q012
o012
o014
QQLS
D014
0017
o013
0019
Q20
0021
Ralee
0023
QOz4
00xS
Q024
0027
Q023
0022
Q00320
Q031
0032

1

10

SUBROUTINE CYC1

COMMON/ DG/ CHC, CHCHANL.EST. MLE

COMMON/ INTZ/ CLHP, CZHF,D(S, 146).D5(5,2,16),E1P-E2FP.F (5, 13),
GK (S, 2,8) » M5, JETEMF, MODE, NC, NF, &1 (28) , SGANS (1),
X{S, 1002 XS(25 10}, XY (2,3, Y(2), YP(2)

COMMON/ INT4/ ANS, ANSI,DOT,GE(2),GL(Z)GSRE(T) » GSAL (3)

1 TJ(S),TIME, TL{S) N

COMMON/REAL/ DZP(2),GSRLO(2), RTJC, RTJS, RTJZ, SZP(5, 5) . S2FZ(5,3) .,
THRTG THRTJZ, ZP (5.2}, IFS(S) . ZP1, IPIMAX . ZF1MIN,
IF2, ZFZMAX . ZFEMINS ZIMIN

LOGICAL CHC.CHCHAN, EST.MLE

INTEGER CiHF, CZHF. D, DS, E1IF, E2F . F, G, B S, SGANS, X X5 XY, Y. YF

INTEGER#4 ANS,ANSI.DT.GE.GL, GSEE, GEAL.MD, M3, 30, Td. TIME. TL

INTEGER#4 S1t,TJMIN, TLMAX, TLMIN

| A

[

DATA J/1/

TJMIN = 2147453447
TLMAX = -2147432447
TLMIN = 2147433447

DO 10 I=1.NC _

S1 = TJ(I) + S(F(I,5),SGANS(J) . R(S1))
TL(I) = S1

IF(51.GT. TLMAX) TLMAX = 51
IF(S1.LT.TLMIN) TLMIN = 5t
IFCTJ(IN.GT. TUMINY GO TO 10

TUMIN = TJ(I)

JSTEMP = I

CONT INUE

RETURN
END
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TT TXODS FORTRAN 2342723%B 07/12/79

COMMGN  BLOCK /L QGL

LOCN

0000
Q004

COMMON BLOCK/INTZ

LOCN

¢O00
Q04
OlE4
QlES
O30A
03Z0E
0312
03C4
042A
Q45E

COMMON BLOCK/INTS

LOCN

0000
(el al]
0014
Q028
0043

COMMON BLOCK/REAL

LOCN

0000
0010
0018
0080
QOES
0114
V) P
0134
013C

NAME MODE
CHC LOGICAL
EST LOGICAL

NAME  MODE

CiHP  INTEGER®2
i INTEGER#*2
E1P INTEGER#2
F INTEGER#2
Js INTEGER#*2
MODE  INTEGER#2
NP INTEGER#*2
SGANS  INTEGER#2
XS INTEGER#®Z
% INTEGER#2

NAME MODE

ANS INTEGER#4
0T INTEGER*4
Gl INTEGER*4
GSOL INTEGER+4

TIME INTEGER*4

NAME MODE
DZF REAL
RT.IC REAL
RTJIZ REAL
S5IF2 REAL

THRT.JZ REAL
IPs REAL
ZP1MAX REAL
IFZ REAL
ZPZMIN REAL

SCALAR ALLOCATION

LOCN

Q030
0036

NAME MODE
o INTEGER*2
TLMAX INTEGER#4

BYTES TYFE

BYTE

- -
LA o~

PO RERN RSN OR

F-Y

BYTE

1

BYTE

-
o
oS HROPED

b

BYTE

2

2

/ ALLOCATION

5

/ ALLOCATION

S

4
4
2
2
4

S

S

16132152

/ ALLOCATION 0008 BYTES

LOCN NAME
SCALAR 0002 CHCHAN
SCALAR 0006 MLE

046A BYTES
TYPE LOCN NAME
SCALAR 0002 C2HP
ARRAY  00A4 D=
SCALAR  O1E6 EZP
ARRAY  026A GK
SCALAR 0300 JSTEMP
SCALAR 0310 NC
SCALAR 0314 @
ARRAY 0306 X
ARRAY 0452 XY
ARRAY 0464 YP

0D60 BYTES
TYFE LOCN NAME
SCALAR 0004 ANSI
SCALAR  000C GE
ARRAY 001C G3GE
ARRAY 0034 TJ
SCALAR  004C TL

/ ALLOCATION 0144 BYTES
TYPE LOCN NAME
ARRAY 0008 GSGLO
SCALAR 0014 RTJS
SCALAR  001C SZP
ARRAY  OOE4 THRTJC
SCALAR  OOEC ZP
ARRAY 0122 IF1
SCALAR G130 ZPIMIN
SCALAR 0138 ZP2MAX
SCALAR 0140 ZIMIN
TYPE LOCN NAME
SCALAR 0032 TJMIN
SCALAR  003A TLMIN

CPTIONS: S

MCDE

LOGICAL
LOGICAL

MOCE

INTEGER#2
INTEGER*2
INTEGER#2
INTEGER*2
INTEGER#Z2
INTEGER#2Z
INTEGER#*2
INTEGER#*Z
INTEGER#2
INTEGER*2

MODE

INTEGER*4
INTEGER*4
INTESER®4
INTEGER®4

INTEGER*4

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

MODE

INTEGER#4
INTEGER*4

BYTES

2
2

BYTES

12
20
20

BYTES

4
100

FS
bbb ObL

BYTES

4
4

TYPE

SCALAR
SCALAR

TYPE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYFE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

ARRAY
SCALAR
ARRAY
ScaLAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR

TYFPE

SCALAR
SCALAR



TI TXDS FORTRAN 934873#B 07/12/79

Q0ZE I

INTEGER#*2

2 SCALAR

16:33:52

0040 S1

OPTIONS: S

INTEGER*4

4

PAGE

SCALAR

3
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TI TXDS FORTRAN 226373#B 07/12/79 146:33:02 OPTIONS: 3 FAGE

SUBPROGRAMS CALLED

NAME TYFE ARGS NAME TYFE ARGS NAME TYFE ARGS
S INTECGER#Z 3 F$RGMY RIUNTIME FSRITE RUNTIME
F$REA RUNT IME F$RES RUNTIME FSRET RUNTIME

F$REL RUNTIME

STATEMENT LABELS

LOCN LABEL USE LOCN LAEREL USE LQCN LABEL USE
0116 10 OQ0OBE ML OQ0DE M2

002A M2 COBE M4 O0OBE MS

O0DE M6 OODE M7 0iis M8

o116 M7

STATEMENT LOCATIONS
LINE LOCN LINE LQCN LINE LOCN LINE LOCN LINE LOCN LINE LCOCN

1 0000 2 0010 4 0010 7 0010 9 0010 12 00t0
13 0010 14 0010 15 0010Q 146 Q010 13 0010 1% QOo1LC
20 0023 21 o024 22 003A 23 0093 24 00A4 25 QOBE
26 QODE 27 00FE 28 0110 29 0116 31 0122 32 o124

ENTRY=0004

PROGRAM SIZE=01ZE BYTES
DATA SIZE=0052 BYTES
COMPILATION COMPLETE

O WARNINGS

¢ ERRORS



TI TXDS FORTRAN PILGT7IHB Q7 /152479 1&6:45:15 OPTIONS: S PAGE

Q001
QG2
Q0032
0004
005
0OO0&
Q007
0003
[alalss-]
0010
0011
0012
GOl
o014
aOls
00164
0017
0013
001w
0020
G021
D022
0023
o024
QO2S
OO24
Q27
alepes]
0029
QO30
0031
Q032
0033
Q0z4
[(elel]
0034

o

L]

[}

[w]

10

" -

I

[

SUBROUTINE CYC2

COMMON/LOGL / CHC, CHCHAN, EST, MLE

COMMON/INTZ/ CLHP, C2HPZE(S,16).D5(5, 2, 16),ELIP.EZP-F {5, 13),
GRS, 2,8, JS, JSTEMP, MODE» NC, NP, R{22) » SGANS,
(3,100 XS(2 100, XY (2, 3),Y(32),YP(3)

COMMON/INT4/ ANS, ANSI.DT.GE(Z),GL(Z)»GSRE(3) . GSAL(3),
TJ(S),TIME, TL(S) :

COMMON/REAL/ DZIP(2), GSRLO(Z) , RTJC, RTJIS. RTJZ, SZP(S,5),SZF2(S,5),
THRTJC, THRTJZ. ZFP (5, 23, ZP5(5) , ZP1+ ZPIMAX, ZP1MIN,
ZP2, ZPZMAX . ZFZMIN, ZIMIN

LOGICAL CHC, CHCHAN. EST.MLE

INTEGER C1HF, C2HF. O, OS5, ELF, EZF, F) GR, 3, 5, SGANS, Xs X35, XY, Ys YF

INTEGER#4 ANZ, ANSI. DT, GE.GL, GSEE, GSEL, MO, MS, S0, TJ» TIME. TL

INTEGER ANSD(Z) . SGANSM, TID(Z, 5)

INTEGER*4 CSGANS, TEST

EGUITVALENCE (ANS, ANSD)Y . (T4 TJD)

TJIE = ZFS(J3)#G5RL(1)
IF(TUE.CT.RTJS*#TJ(.ASY)Y GO TO 10
CIGANS = ISHFT(ANSD(1),Q(82))
SGANS = ANSDH(1)
IF(TO(JIS) . GT. CE0ANS) G0 TO $0
SGANZSM = ISHFT(ANSD(1),-4)

SGANS = ISHFT(TJO(Z, JS),(83))

IF (SGANS.LT.SGANSM) SGANS = SGANSM

CHCHAN = (TL(JS)-TL(JSTEMP) ). GT.LFIX{THRTJC+RTJIC*TE}

TEST = TL(JZ) + THRTJZ + RTJI#TJE
DO 20 I=t.NC

IF(TL(D) LLT.TESTY ZIMIN = ZP(I.1)
CONTINUE

RETURN
END
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TI TXDE FORTRAN 9342735#B Q7/12/79

COMMGN BLOCK /LOGL

LOCN

00GC0
o004

COMMON BLOCH / INTZ2

LOCN

Q000
0004
Q1E4
OLES
Q30A
030E
0312
3C4
O42A
Q45E

COMMON BLOCK/INTS

LLOCN

Q000
Qo3
0014
028
0042
Q00

COMMON BLIOCK/REAL

LOCN

0000
0010
o012
Qaos0
O0ER
0114
012C
Q134
013C

NAME MODE
THE LDGICAL
EST LOGICAL

NAME MODE

CiHF INTEGER®Z
] INTEGER*Z2
E1F INTEGER#Z
F INTEGER#2
J3 INTEGER#Z
MODE INTEGER#Z
NP INTEGER#2
SGANS  INTEGER#2
X3 INTEGER#2
Y INTEGER#Z

NAME MODE

ANS INTEGER#4
oT INTEGER*4
GL INTEGER*4
GEGL INTEGER*4

TIME INTEGER*4
ANSD INTEGER*2

NAME MODE
DZFP REAL
RTJLC REAL
RTJZ REAL
SIFZ REAL
THRT.JZ REAL
ZFS REAL
ZP1MAX REAL
IPZ REAL
IF2ZMIN REAL

BYTES TYFE

2

2

BYTES

-
o

-
]

ORI O RN DN

+

SCALAR
SCALAR

TYPE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY
ARRAY

BYTES TYFE

1

BYTE

10

2

4
4
=]
2
4
4

S

a
a
4
4]

4
0]
4
4
4

SCALAR
SCALAR
ARRAY
ARRAY
SCALAR
ARRAY

TYPE

ARRAY
SCALAR
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR

146:45: 15

LOCN

0002
QQ0s

LOCN

0002
Q0A4
01E4
02&A
0300
0310
nz14
a3Ce
0452
0444

LOCN

0004
QO0OC
ooic
0034
004C
0034

"LOCN

0003
0014
oo01C
O0E4
OOEC
0128
0130
0138
0140

/ ALLOCATION Q002 BYTES

NAME

CHCHAN
MLE

/ ALLOCATION O44A BYTES

NAME

C2HP
0=

=P
G
JITEMP
NC
i
X
XY
YP

/ ALLOCATION 0040 BYTES

NAME

ANSI
GE
GSAE
TJ
TL
TJD

/ ALLOCATION 0144 BYTES

NAME

GSQLO
RTuJs
3IP
THRTJC
P

ZP1
IPIMIN
ZP2MAX
Z1IMIN

OFTIONS: S

MODE

LaGICAL
LOGICAL

MODE

INTEGER#Z
INTEGER*2
INTEGER®2
INTEGER*2
INTEGER#2
INTEGER#*Z
INTEGER#2
INTEGER#2
INTEGER%*2Z
INTEGER#*2

MODE

INTEGER*4
INTEGER#4
INTEGER+*4
INTEGER*4
INTEGER#*4
INTEGER#*2

MODE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTES

BYTES

BYTES

12
20
20

20

BYTES

PAGE

TYPE

SCALAR
SCALAR

TYPE

SICALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY-
ARRAY

TYPE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

TYFE

ARRAY

4 SCALAR

100

40

Abpb

ARRAY

SCALAR
ARRAY

SCALAR
SCALAR
SCALAR
SCALAR



TI TXDS FORTRAN #324373#H 07/12/7%

SCALAR ALLOCATION

LOCN NAME MODE BYTES TYFE

o030 TJE REAL 4 SCALAR
Q033 ZGANSM INTEGER#Z 2 SCALAR
003E I INTEGER#Z 2 SCALAR

146245215

LOCN NAME

OPTIONS: S

MQOGE

0034 CSGANS INTEGER*4

002A TEST

INTEGER#4

BYTEES

4
4

FAGE

TYPE

SCALAR
SCALAR

3
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Tr TXDS FORTRAN 226873#B 07/12/79

SUBFROGRAMS CALLED

" NAME

TYFE ARGE
ISHFT INTEGER#Z 2
F$RGMY RUNTIME
F$RISH RUNTIME
F$RET RLINTIME
STATEMENT LABELS
LOCN  LABEL USE
o002 10
oDz M
oon2  Mé&
01AZ MP
Qi2A Mi1Z
0lAa2 MIS
STATEMENT LOCATIONS
LINE LOCN LINE LOCN
1 o000 ic. 0010
1z Q010 14 00L0
20 DO2A 21 004E
2& aoCc4 28 goDz2
35 01AE 34 0180

ENTRY=0004
PROGRAM SIZE=0O1B2 BYTEZ

DATA SIZE=00S0 BYTES
COMPILATION COMFLETE

O WARNINGSE

0 ERK

100

ORS

16145315 OPTIONS:
NAME TYFE ARGS NAME
LFIX . INTEGER#4 1 F$RREL
F$REL RLUNTIME FsRITF
FSRITE RUNTIME F$RES
LOCN LABEL USE LOCN LABEL
01A2 20 oD END oop2 M2
GO0D2 M4 oob2 MS
ooDz M7 oopz M8
o122 MLO 128 M1l
01ZA Mi1E Cl16E M14
GlAZ Ml6
LINE LOCN LINE LOCN LINE LOCN
4 0010 7 0010 @ 0010
is 0010 | 3 0010 17 0010
22 0074 23 Q07A 24 004
20 O1ZE =1 QLe3 sz O14E

FAGE

TYFE ARGS
RUNTIME
RUNTIME
RUNTIME
USE

LINE LOCN

12 0010

1% 0010

29 QO%E

33 O01AZ



TT TXDS FORTRAMN #26572#B 07/12/7% 16:51:13 OPTIONS: = PAGE

0001
0002
[alelalc]
Q04
[lnls i
418157
Q007
Qo3
QOG0
Q010
Qo1
QoL1z
0013
0014
001S
0014
0017
001z
on1e
Q0Z0
Q021
Qo222
Q023
Q024
0025
QO24
o027
Q0Ze
(103 il
QO30
0031
ooE2
Q033
o034
Q325
Q038
Q037
0023
[l iy
Q040
Q041
004z
0043
Q044

0043 C

0044
0047
004
0049
QS0
[elaia |
0092

o)

[ ]

]

) [w R ]

[}

o]

10

SO

1

2

1

1
5

SUBROUTINE CYC2

COMMON/LOGL Y/ CHC, CHCHANS, EST, MLE

COMMIONZ INTZ2/ CIHP, COHP. DS, 16),05(S5, 2, 14, E1P,E2P.F(5,13),
GK(5,2,8), 4%, JSTEMF, MOLDE,, NC, NF, 2(25) , SGANS,
X(S, 10, XS(2,10) s XY (243} Y () YP (D)

COMMON/ INT4/ ANS, ANST, DT,bE{;),uL(:) GESRE(3),630L(3),
TJ(S), TIME, TL{S) .

COMMON/REAL/ DZIP(2), GSOLOCZ Y, RTIC RTJS RTJZHSZF(S, S}, SZF2(5.5)
THRTJC, THRTJZ. ZF (S, 2), ZFS(S), ZF1, ZF1MAX, ZFIMIN,
IPZ, ZFPZMAX ZF2MIN, Z1IMIN

LOGICAL CHC, CHOHAN, EST.MLE

INTEGER C1HF.C2HF, D, DS, EAFE2F,F, GK, 1, 5, SGANS, X X5, XY, Y. YP

INTEGER#4 ANJ,QNSI,DT,GE,EL,GS@E.GS@L,MD,ME,SU,TJ,TIME,TL

INTEGER TIMED(Z '

EDUIVALENCE (TIME, TIMED)

0o 10 I=1,1Q
Do 1o J=1,2
X3(Jd,I) = 0
IF(TIMED(L).GE.2) GO TO 40
Do 2 I=1,2
GEOE(I) = O
GaL(I) =0
0o 30 I=s1,.2
Oze(Iry = o,
GE(I) = 0
GL(I} = O

GO TD S0
CONT INUE

CHANNEL TRANSFER GSEQLIENCE

GSAL(1) = GSAL(1)}#SZP2(.JS, JSTEMF)
GSEHL(2) = GSAL{2)#3IP(JS, JSTEMP)
S1 = G3OL(1) + GSOLO(L)

82 = GSAL(2)

55 = GSRAL(Z) + GSELO(2)

NEW GRAD L

OzP(1) = ZP(JSTEMP, 1) - ZP1
DIF(2) = ZIP(JISTEMP.,Z2) - ZIPZ

GL(1) = S1#DZF(1) + SZ2#DZIP(2)
GL(2) = S2#DIFP(1) + S3I#DZP(2)

S5 o= JSTEMF

RETURN
END
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TT TXD=

COMMON BLOCK /LGGL

LOCN

- 0000

Q004

COMMON BLOCH/ INTZ

LOCN

QoY
Q004
Q1E4
Q1ES
0304
030E
0312
o3C4
D42A
Q45E

COMMON BLOCK/INT4

LOCN

0000
o002
0014
Q028
00453
Q048

COMMON BLOCK/REAL

LOCN

0000
0010
Qo012
QO30
OOEZ
0114
012C
0134
013C

NAME

CHC
EST

NAME

CiHP
ju
E1P
F

JS
MOLE
NP
SGANS
XS

Y

NAME

AN
oT

L/
GEaL
TIME
TIMEL

NAME

nzZP
RTJC
RTJZ
SZPZ
THRTZ
IFs
ZIP1MAX
IFP2
ZFZMIN

FORTRAN 2324373#E

MODE

LOGICAL
LOGICAL

MOLDE

INTEGER#*2
INTEGER#2
INTEGER#2
INTEGER#2
INTEGER#*2
INTEGER®Z
INTEGER#*Z
INTEGER#*2Z
INTEGER®Z
INTEGER®Z

MODE

INTEGER#4
INTEGER#4
INTEGER#4
INTEGER#4
INTEGER#*4
INTEGER#2

MODE

REAL °
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTES

2
2

BYTES

2
160
=

130

RN R

BYTES

4
4

g
1

2
4
4

BYTES

Q7/712/79

TYFE

SCALAR
SCALAR

TYPE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY
ARRAY

TYPE

SCALAR
SCALAR
ARRAY
ARRAY
SCALAR
ARRAY

TYFE

ARRAY
SCALAR
SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR

LOCN

0002
Q00&

LOCN

00O02

| 00A4

O1E6
024A
Q300
0310
0314
Q3L&
0452
0464

LOCN

0004
0Q0C
o01cC
0034
Q04C

© LOCN

0003
Q014
001C
Q0E4
ODEC
o128
0130
Q138
0l40

14:51:213

/ ALLOCATION QU022 BYTES

NAME

CHCHAN
MLE

/ ALLOCATION Q44A BYTES

NAME

C2HP
c

EZF

GK
JSITEMP
N

v}

X

Xy

YP

/ ALLOCATION 0QO&0 BYTES

NAME

ANSI
GE
GSRE
TJ
TL

/ ALLOCATION (144 BYTES

NAME

GSALO
RT.JE
SZP
THRTJC
ZF

ZP1
ZPIMIN
ZP2ZMAX
ZiMIN

OPTIONS: €

MODE

LOGICAL
LOGICAL

MODE

INTEGER*2
INTEGER#2
INTEGER#*2
INTEGER*Z
INTEGER#2
INTEGER*2
INTEGER#2
INTEGER#2
INTEGER#*2
INTEGER#*Z

MOGE

INTEGER#4
INTEGER#4
INTEGER#4
INTEGER*4
INTEGER*4

MOLE

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

BYTES

[ SN

BYTES

=
oK
SO VR ol N o

<

i74
100

12

BYTES

L
C QMO

BYTES

100

E-
b Oh

PAGE

TYFE

SCALAR
SCALAR

TYFE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYFE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYFE

ARRAY
SCALAR
ARRAY

SCALAR
ARRAY

SCALAR
SCALAR
SCALAR
SCALAR



T1 TXDS FORTRAN #3&872#B 07/12/7%

SCALAR ALLOCATION

LIOCN NAME MODE BYTES TYFE

0030 1 INTEGER#®2 2 SCALAR
00Z4 =1 REAL 4 SCALAR
003C 32 REAL 4 SCALAR

1&£:51:12

LOCN

0032
Q022

NAME

o
[

OPTIONS: =

MODE

INTEGER#2
REAL

BYTES

4

TYFE

SCALAR
ECALAR
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TI TXDS FORTRAN 93&372#B Q07/12/79 14251

SUBFROGRAMS CALLEDR
NAME TYFE ARGE NAME TYPE

F$RREL RUNTIME F$RGMY RUNTIME

F$RITF RUNTIME

STATEMENT LABELS

LOCN  LABEL UsE LOCN  LABREL USE
QO1C 10 oo END QOCO 40

coAsE 30 Do END Q1E4 S0

QO1C  Mé& QoCo M7

0052 ME oogz  M10

QIO M1z

STATEMENT LOCATIONS

LINE LOCN LINE LCOCN LINE LOCN LINE
1 0QO0 2 0010 4 0010 7

13 0010 14 QQ10 15 Q010 16
20 oC1ic 21 0043 22 2052 23

2& oosg 27 GOYA 22 (Bla 1) 29
33 O0EL 37 o114 32 o122 ar
44 013C 47 OlBC 43 OlE4 51

ENTRY=0004

FROGRAM SIZE=C1FC BYTES
DATA SIZE=004E BYTES
COMPILATION COMFLETE

O WARNINGES

0 ERRORS

L e OPTIONS: S
ARGS NAME
F&REL
LOCN  LABEL
00éA 20
0016 MS
Q0CO M3
O1BC M1t
LOCN LINE LOCN
0010 @ 0010
0010 ia 0010
0053 24 Q0&6A
QOBE 30 QoCo
0144 43 0168
OLEA 52 Ol1EC

TYFE

RUNTIME

UsE

DO END

LINE

12
19
23
24

FAGE

ARGS

LOCN

0C10
0014
0082
QOCo
0180



TI1 TXDS FORTRAN ¥34873#R Q7/12/79 16:57: 40 OFTIONS: S FPAGE

0001
OO0z
QOO
0004
000S
0004
QOG7
alelar
QG032
0010
001t
noiz
o013
LO1L4
QOLS
[ulad
0017
Q01s
Qi
Q020
Q021
0022
0023
00z4
Q02T
002¢
0027
00za
Q02%
Q030
[aluic)|
0032

LR Ry

Ly

i

2

SUBROUTINE CYC4

COMMON/LOGL 7/ CHC, CHCHAN, EST,MLE
COMMON/ INTZ/ C1HPsC2HP D(5, 1&)05(5+ 2, 146)-ELIP,E2P.F(5,13).,

GRS, 2,8),dS, JSTEMF, MOQDE, NC, NF, Q(:35) » SGANS,
XS, 20)-, X502, 10, XY (2,3 Y (3}, YF(2)

COMMON/INT4/ ANS, ANSI. DT, GE(2)»6L(2)»GSRE(2)» GSRL(3) .

TA(S)>TIME, TL(S?

COMMON/REAL/ DZP(2),G30L0(Z) . RTUC, RTIS,RTJZ, SZF(S,5),SZP2(5,5),

THRTJC, THRTJZ, ZP{S, 2), ZF3(5), ZP1, ZP1MAX. ZF1MIN,
ZP2, ZIPZMAX, ZFZMIN. ZIMIN

LOGICAL CHC,» CHCHAN, EST, MLE
INTEGER C1HF,CZHF,D, 05, ELF, E2P,F, 6K, &, S, SGANS, X X5, XY, Y, YP
INTEGER#4 ANZ, ANST, DT, GE, Gl GE0E, G30L. MD, MS, S0, T4 TIME. TL

NEWTON-RAPHSON INCREMENTS

RGL1I = GL(1)
RGLZ = GL(Z)

= GSGL(1) + GSRLG(1)
z = GIOL(2)
= GERL(3) + GSOLO(2)

DET = R1#R3Z - R2*R2
IF{DET.EQ.Q.) STOF 4

OETI = 1

DZIF{1)
DIP(2)

RETURN
END

. /LET
(Rz#RGLZ - RI*RGL1)#DETI
(R2#RGL1 — R1#RGLZ)#DETI

1
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Tr TXDS FORTRAN ?3&6273#B 07/12/77 146:57: 40 OPTIONS: S FAGE

COMMON BLOCK/LOGL /7 ALLOCATION 0003 BYTES

LOCN NAME MODE BYTES TYFE LOCN NAME MODE BYTES TYFE
QOO0 CHC LOGICAL 2 SCALAR 0002 CHCHAN LOGICAL 2 SCALAR
Q004 EST LOGICAL 2 SCALAR Q0046 MLE LOGICAL 2 SCALAR
COMMON BLOCK/INTZ2 7 ALLOCATION Q4&6A BYTES

LOCN NAME MODE BYTES TYFE LOCN NAME MODE BYTES TYFE
0000 C1HF INTEGER#2 2 SCALAR 0002 CZHF INTEGER#2 2 SCALAR
0004 0 INTEGER#*2 160 ARRAY 00A4 D3 INTEGER#2 320 ARRAY
O1E4 ELF INTEGER®2 2 SCALAR OLtES E2P INTEGER®2 2 SCALAR
O1E8 F INTEGER#Z 130 ARRAY 026A GK INTEGER#2 140 ARRAY
030A IS INTEGER®2 2 SCALAR 030C J3TEMF INTEGER®Z 2 SCALAR
Q30E MIDE INTEGER*2 2 SCALAR 0310 NC INTEGER*®Z 2 SCALAR
0212 NP INTEGER#2 2 SCALAR 0214 & INTEGER*2 17& ARRAY
03C4 SGANS  INTEGER*Z 2 SCALAR Q3CH X INTEGER#2 100 ARRAY
042A X5 INTEGER#2 40 ARRAY 0452 XY INTEGER*2 12 ARRAY
045E Y INTEGER#2 & ARRAY 04464 YF INTEGER*2Z & ARRAY
COMMON ELCCK/INT4 / ALLOCATION Q040 BYTES

LOCN NAME MODE BYTES TYPE LOCN NAME MQUE BYTES TYPE
0000 AN3S INTEGER*4 4 SCALAR Q004 ANSI INTEGER*4 4 SCALAR
0003 0T INTEGER#4 4 SCALAR QOQC GE INTEGER#4 & ARRAY
0014 GL INTEGER#4 3 ARRAY Q0LC GSRE INTEGER#*4 12 ARRAY
Q028 GIRL INTEGER#4 12 ARRAY o034 Td INTEGER®4 20 ARRAY
Q043 TIME INTEGER#4 4 SCALAR o04C TL INTEGER*4 20 ARRAY
COMMON BLOCK/REAL 7/ ALLOCATION 0144 BYTES

LOCN NAME MODE BYTES TYFE LOCN NAﬁE MODE BYTES TYPE
0000 DZP REAL 3 ARRAY ‘0003 GSQLO REAL 2 ARRAY
0010 RTJC REAL 4 SCALAR 0014 RTJS REAL 4 SCALAR
00138 RTJZ REAL 4 SCALAR Q01C S2P REAL 100 ARRAY
0080 SIZIP2 REAL 100 ARRAY 00E4 THRTJC REAL 4 SCALAR
00ES THRTJZ REAL 4 SCALAR 00EC ZIP REAL 40 ARRAY
o114 ZP3 REAL, 20 ARRAY o128 ZF1 REAL 4 SCALAR
012C ZF1MAX REAL 4 SCALAR 0130 ZPIMIN REAL 4 SCALAR
0134 IP2 REAL 4 SCALAR 0133 ZIP2ZMAX REAL 4 SCALAR
013C ZF2MIN REAL 4 SCALAR 0140 ZIMIN REAL 4 SCALAR
SCALAR ALLOCATION

LOCN NAME MODE BYTES TYPE LOCN NAME MODE BYTES TYFE
Q030 R1 REAL 4 SCALAR 0034 R2 REAL 4 SCALAR
Q033 R3 REAL 4 SCALAR 003C RGL1 REAL 4 SCALAR
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TI TXDS FORTRAN #3&6873#B 07/12/7% 1&4:57: 40 OPTIONS: 3 FPAGE 3

0040 RGELZE REAL 4 SCALAR QG44 DET REAL 4 SCALAR
on4z DETI REAL 4 SCALAR
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TT TXDS FORTRAN 924373#B O7/12/7% 146:57:40 OPTIONS: S FAGE

SUBFROGRAMS CALLED

NAME TYFE ARGE NAME TYFE ARGS NAME TYFE ARGE
FSRSTO RUNTIME F$RREL RLNTIME F$RGMY RLUNTIME
F$REL RUNTIME FERITP RUNTIME

STATEMENT LABELS
LOCN  LABREL UsE LOCN LABEL USE LOCN LABEL USE

OOBC MO Q0BC M1 Q0BC M2

STATEMENT LOCATIONS
LINE LOCN LINE LOCN LINE LOCN LINE LOCN LINE LOCN LINE LOCN

1 Q000 3 Q010 4 001¢ 7 0010 ? 0010 12 o110
13 Q010 14 0010 12 0010 1% 0024 20 0042 21 0gs4
22 007¢ 24 Q094 23 00BO 26 O0BC 23 00CC 29 QOEE
31 0110 3z 0114 -

ENTRY=0004

PROGRAM SIZE=0112 BYTES
DATA SIZE=00TE BYTES
COMPILATION COMFLETE

0 WARNINGS

Q0 ERRORS



T TYDS FORTRAN 934S72#B 07/12/79 17:02:20 QPTIONS: S FAGE

o001
Q00OZ
[WIs]a3e]
0004
QoS
000G
Qo7
Q002
elulel]
DO10
0011
0012
(o]0} e
QoL 4
0015
Q01&
o017
0018
001?
Q0zZ0
0021
Q022
QQ23
Q024
Q025
QQ2é
Q027

Ly

L B ]

SUBROUT INE CYCS

COMMON/LOGL/ CHC, CHCHAN, EST.MLE
COMMON/ INT2/ CiHP,CZHP.D(S5,146),D5(5,2,1&).E1P.EZP,F(5,13),

1 GK{S,2,8), 45, JSTEMF, MODE, NC» NF, 2 (22)  SGANS,
2 X(5,10):X5(2,10). XY (2,32, YII)HYP(3)
COMMON/ INT4/ ANS, ANSIL DT, GE(Z),GL(2),GSAE(3), GSEL(2),
1 TJ(S),TIME, TL{(S} [
COMMON/REAL/ DZP(Z) . G3QLOCZ)»RTJC, RTIS, RTIZY SZF (S, 5) . SZFPZ(S. 5),
1 THRTJC, THRTJIZ, ZF(5,2),ZP5(5), ZIP1, IP1MAX, ZP{MIN,
2 ZF2+ ZPEMAX, ZFZMIN. ZIMIN

LOGICAL CHC.CHEHAN, EST.MLE
INTEGER C1HP,CZHP, D, DS, EIP.E2F, F, GK, @, S, SGANS, X XS, XY, Y4 YP
INTEGER#4 ANS,ANSI,DT.GE.GL,GSQE, GS0L,MD, M3, S0, T TIME, TL,

UPDATE 2P

Pt IP(J5,1) + DIF(1}

Ir2 IP(ds,2) + DZF(2)
IF(ZP1.GT,ZFR1IMAX) ZP1 = ZPIMAX
IF(ZIPZ.GT,. ZFP2MAX)Y IP2 = IPZMAX
IF(ZP1.LT.ZPIMINY ZF1 = ZPIMIN
IF(ZP2.LT.ZRPIMIN) ZPZ = ZPZMIN
RETURN

END
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TT TXDS FORTRAN P34373#R 07/12/7% 17:02: 20 OFTIONS: S FAGE 2

COMMON BLOCK/LOGL /7 ALLOCATION 0002 BYTES

LOCN NAME MOLDE BYTES TYFE LOCN NAME MQDE BYTES TYPE
0000 CHC LOSICAL 2 SCALAR Q002 CHIHAN LOGICAL 2 SCALAR
0004 EST LOGICAL 2 SCALAR QO0& MLE LOGICAL 2 SCALAR

COMMON BLOCK/INTZ 7/ ALLOCATION 044A BYTES

LOCN NAME MOLE BRYTES TYPE LOCN NAME MOLE BYTES TYPE
Q000 C1HP INTEGER#2 2 BLALAR Q002 CzHF INTEGER#2Z 2 SCALAR
Q004 D INTEGER#*2 140 ARRAY QOA4 OIS INTEGER®*2 320 ARRAY
01E4 EIF INTEGER#2 2 SCALAR QlE4 EZP INTEGER®#Z 2 SCALAR
01E3 F INTEGER#Z 120 ARRAY 026A GK INTEGER®2Z 140 ARRAY
030A JE INTEGER#Z 2 SCALAR Q305 JSTEMP INTEGER¥2 2 SCALAR
QO30E MODE INTEGER#2 < SCALAR 0210 NC INTEGER#*2 2 SCALAR
0312 NP INTEGER#Z 2 SCALAR Q14 1 INTEGER*2 17& ARRAY
Q23C4 =GANS  INTEGER#2Z 2 SCALAR sCInd N 4 INTEGER#2 100 ARRAY
042A X2 INTEGER#2 40 ARRAY 0452 XY INTEGER#2 12 ARRAY
Q45SE Y INTEGER#®Z2 & ARRAY 0464 YP INTEGER#Z & ARRAY

COMMON BLOCK/INT4 / ALLOCATION 0060 BYTES

LOCN NAME MODE BYTES TYPE LOCN NAME MODE BYTES TYFE
0000 ANS INTEGER#4 4 ZCALAR D004 ANSIT INTEGER#4 4 SCALAR
ao0g 0T INTEGER#4 4 SCALAR 000C GE INTEGER#4 2 ARRAY
0014 GL INTEGER*4 2 ARRAY 001C GSRE INTEGER#4 12 ARRAY
oozg Gsal INTEGER*4 12 ARRAY 0024 TJ INTEGER#*4 20 ARRAY

0043 TIME INTESER#*4 4 SCALAR Qo4s TL INTEGER#4 20 ARRAY
COMMON BLOCK/REAL / ALLOCATION 0144 BYTES 7

LOCN NAME MODE BYTES TYPE LOCN NAME MODE BYTES TYPE
0000 PIP REAL 8 ARRAY 0008 GSALO REAL 28 ARRAY
0010 RTJC REAL 4 3CALAR 0014 RTJS REAL 4 SCALAR
0018 RTJUZ REAL 4 SCALAR eO1C SIP REAL 100 ARRAY
0080 SIFzZ REAL 100 ARRAY QQE4 THRT.JIC REAL 4 SCALAR
Q0EES THRTJZ REAL 4 SCALAR QOEC ZP REAL 40 ARRAY
0114 ZPS REAL 20 ARRAY 0128 IF1 REAL 4 SCALAR
012C ZFIMAX REAL 4 SCALAR 0130 ZPIMIN REAL 4 SCALAR
o124 IP2 REAL 4 SCALAR 0123 ZPzZMAX REAL 4 SCALAR
013C ZPZMIN REAL 4 ZCALAR 0140 ZIMIN REAL 4 SCALAR
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TI TXDS FUORTRAN 936273%#B 07/12/7%9 17:02

SUBPROGRAMS CALLED
NAME TYPE ARGS NAME TYPE

F$RREL RUNTIME F$ROMY RUNTIME

STATEMENT LABELS

LOCN LABEL USE LOCN LABEL USE
Q04E MO O06E Mi

Q0AE M3 004E M4

00&6E Mb 006E M7

Q08E M9 O0AE MI1O

STATEMENT LOCATIONS
LINE LOCN LINE LOCN LINE LOCN LINE

1 Q000 3 0010 4 0010 7
13 0010 14 0010 18 0010 19
23 D0&E 24 OQOBE 24 QOAE 27

ENTRY=0004

FROGRAM SIZE=00BCG BYTES
DATA SIZE=0030 BYTES
COMPILATION COMFLETE

0 WARNING=

O ERRCORS

120 OPTIONS: S PAGE
ARGS NAME TYFE ARGS
F$RITP RUNTIME

LOCN LABEL USE

00CE M2

004E MS

008E M=

O0AE M1l
LOCN LINE LOCN LINE LOCN
0010 @ 0010 12 0010
0026 21 0032 22 004E
Q0BO

111



APPENDIX D
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APPENDIX E

FUNDAMENTAL OPERATION SUBPROGRAMS (FOS):
TI290 ASSEMBLY LISTINGS
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MD
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0001
0002
2003
A004
0003
QOO
0007
0008
D00
Q010
no11
00L2
0013
0014
0Cl1S
0014
0017
oote
0019
00z
o2l
Q022
0023
Q024
Q025
0024
0027
0oz8
0029
0020
0031
0032
0033
Q=4
0033
0036
0037
0038
0039
0040
0041
0042
0043
Q044
0045
0044
o047
o042
0049
0050
0051
Q052
0053
Q054

QOO0
QOO0
aQzo
000D
QOO0
QOOZ
QO04
0004
0004
Q0o
OO0A
[aleleIm
Q00E
oo

[ole 3 Ped
Q014
0016
QO1E
OC1A
a0lc
001E
Q020
0022
0024

0026
0023
GUZA
Q020
Q02E
00320
Q02
0034
QO34
Q033
Q03A
003
QOzZE
0040
0042
0044
[alul: 79
o042
QQ4A

TXMIRA

Qooo”
0004~

OSCE
CO7E
COEBE
cocz
0SC3
Cle2
110A

C1132
vl
2991
ALC4
1701
0536
C04D
CC46
447
QO3S0

c113
0504
1601
D&04
0546
2911
3521
AlC4E
1701
OSEs
os07
1601
0404
0544
co4p
CL44
£447
0380

ok kok e K *

MO

$L.1

* X<
L2

$L3

L4

$LS

2.2.0 78.244 09:346:2 Q7/10/79

IDT “MD~

FUNCTION MD{IsX)

INTEGER I

INTEGER#4 X.MD

MULTIPLY I EY X AND RETURN THE
TWa HIGHEST ORDER WORDS

DEF MD
DSEG

$DATA  B3S 32
DEND
PSEG
DATA $DATA
DATA MD+4 .
RORG 4
INCT 14
MOV #14+,1 (1)= ADDRESS OF I
MOV #14+,2 (2)+(3)= ADDRESSES OF X
MOV 2,3
INGT 3
MOV 2,6
JLT  sL2

=0
MOV #3,4
MPY  #1.4
MPY  #1,6
A 4,7
JNC  sLi
INC &
MOV 13,1
MOV &, EL+
MOV 7. %1
RTWP
0

MOV #3,4
NEG 4
JNE  $L3
DEC &
IV &
MPY  #1.4
MPY  #1,4
A 4,7
JNC  $L4
ING &
NEG 7
JNE  SLS
DEC 6
INV 6
MOV 13,1
MOV &, w1+
MOV 7.%1
RTWP
PEND

PAGE 0001



™MD

TXMIRA

2.3.0

END

78.244 Q9136323

Q7/L0/7%

PAGE 0002
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rn TXMIRA 2.3.0 73.244 Q7:346:23 07/10/7% PAGE Q003
" SDATA GO00 15 QO1E OS2 on2é 7 $L3 002E
‘7 $L4 a02A M 18] 0040 0 MD Q000

0000 ERRORS

122



[aluTud

QOH2
[alulak]
0004
QOO
Q004
Q007
0002
Q00
o010
¢l
001z
Q013
0014
0G15
0014
c0t7
0013
Q012
0020
0021

Q022
QOzZ3
0024
Q0235
Q02¢&
Q027
0023
aQze
0030
0031

0032
Q33
0034
QO3S
Q034
Q027
o033
0039
0040
0041

o042
Q043
0044
0045
Q044
Q047
0048
Q04%
0050
0051
Q0s52
0053
0054

QOO0
[Rlulsls]
00Z0
COno
Q00
000z
0004

0004
0004
QQ0s
QO0A
Qoo
OO0E
Q010
0012
Q014

0014
o012
a01A
o0ic

00iE
0020
0022
Q024
0024
Q23
00ZA

002C
002E
0020
032
0034
cOzé
Q033

0032A

OQ3C G

QOZE

0040

2.3.0 73.244 11:55:23 Q7/13/7%

MULTIFLY I BY J AND SHIFT THE Z-WORD RESULT

(4)= ADDRESS OF I
(S)= ADDRESS CF J

{&)= ADDRESS OF @

TXMIRA
IDT M3~
#
* FUNCTICN MS(I.J.60)
* INTESER®4 M2
*
* BY & BITS
*
DEF MS
DSEG
$DATA B35 32
DEND
MS PSEG
0O00" DATA s$DATA
nong” DATA MS+4
RORG 4
#*
QSCE INCT 14
C1ZE Moy #14+,4
C17E Moy #14+,5
CZBE MoV #14+,10
C19A Mav #10, 64
LoSa Moy #4, 1
1104 JLT $L1
COvS Moy #5,2
110R JLT $L2
® I>=0, J>=0
3821 MFY 1.2
1013 JMP SHFT
Coe?s L1 Moy #5,2
110E JLT LS
# I<0, J>=0
0501 NEG 1
2881 MPY 1.2
0502 NEG 3
1401 JNE $L.2
0402 DEC 2
0542 sL2 INY 2
100A JMP SHFT
# I>=0, J<O
0502 $L2 NEG 2
3831 MPY 1.2
0502 NEG 3
1401 JNE $L 4
0602 DEC 2
0342 $L4 INV 2
1002 JMP SHFT
* I<0, WO
0801 LS NEG 1
Q502 NEG 2
3831 MPY 1.2
*
* THIS PART IS SIMILAR TO 5D
*
Q203 SHFT LI 8,14

FAGE 0001
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124

Q0SS
0056
QOS7
0052
Qo5
00&0Q
Q0é1
QO&Z

0063
00&64
Q065
(810 Y
0047
00sE
00&%
0070
0071
o072
0073
0074
Q0735
0076
Q77
0078

007%
0080
0os1
0082
Q023
0054
0085
0086
Q087
Q08sg
0089
0070
Q091
0092
0093
0094
Q095
QOPs
QL7
o093
0033
0100
0t01
0102
0103
0104
0105

D42
0044
0044
Qo4
0044
OQ40C
QQ4E
alalsTe]
QOS2
0054
QOSL
[elarats
00SA
QOT
QO3E
DOL0
Q&2
o044
QO&&
[ala?.3]
Q0&A
ale 7
QOLE
Q070
Qa72
Q074
Q074
Q072
0074
Q070C
007E
0030
o2z
0034
Q034
00328
OSA
0020
0020
QO22
0024
0024
00232
00zZA
oo2C
00ZE
00320
QOz2
o324
003&
0033
Q03A
QO3
Q03E

TXMIRA

o010
Colé&
1112
1200
L2200
0AD2
C240
QAL
C1A%
aQzon
o0
0BOZ
C14%
4144
0544
A0Cs
EQZS

Co4n  SHFTO

ccaz
5443
0ZEQ
0740
QR0Z
C240
QALY
C1A%
oGzO"
Cicz
4104
0302
OBO7
EOC7
CO4D
oc4z
C443
0330

FFFF
FFFE
FFFC
FFFa
FFFO
FFEOQ
FFCO
FF30
FFOO
FEQO
FCOo
F200
FOOO
EQOO
C0o0
2000

$L6

WRD

2.3.0 73,244 11:55:33

MOV
JLT
JEQ
s

SLA
MV
SLA
MOV

MOV
SRC
ylagh
SIc
INV
s5ic
S0C
Moy
MGV
MOV
RTWF
ABS
ERL
MoV
SLA
MOV

MOV

sZC

SRA

SRC

SoC

MoV

MOV

MOV

RTWP
PEND
DSEG
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

#6,0

$Lé

SHFTO

0.3

2,0

0,9

¥, 1
@WRD(®), &

0.9
9,1
@WRD(?), &

>FFFF
3FFFE
SFFFC
>FFFe
SFFFO
>FFEQ
>FFCO
>FFS0
>FFOD
>FE0O
>FCO0
SFE00
>F000
>EQ00
>Co00
>8000

Q7/13/7%

FAGE 0QQ2



M3 TXMIRA 2.3.0 78.244 11:55:33 07/13/7% PAGE 0003

0104 0040 QO0Q DATA O
0107 0042 DEND
0103 END
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ME TXMIRA 2.3.0 73.244 11:55:33 07/13/79 PAGE €004

" $DATA 0000 7 %L1 001A TosL2 0023 7 $L3 002C
7 sL4 0036 < LS Q03A . 004C D MS 0000
“ SHFT D040 * SHFTO 0064 " WRD 0020

0000 ERRORS

128



S

0001
Q002
Q003
0004
a00s
Q004
0007
D00
[oInlaly
0010
0011
0012
Q013
Q014
(8103 8]
00146
Q17
o013
0019
0020
o211
0022
Q023
o0z4
QQ25
0026
Q27
00232
Q023
Q020
0021
0032
o033
0034
0035
0036
0037
0032
Q03P
0040
041
0042
Q043
0044
Q045
0044
Q047
0043
Q4%
00S0
0051
DOS2
Q052
0054

Q000
QOO0
Qo0
Q000
QOO0

Q002 Q004

0004

Q04
Q006
QOO
QU0A
QOO
OO0E
o010
o012
Q¢4
0014
00183

QO01A
wo1c
Q01E
Q020

0022
Q024
002&
Qo232

Q0ZA
oozC
O0ZE
003Z0

0032
0¢34
0024
Q03
GO3A
QO3
CO2E
[alel-T43
0042
Q044
0044

TXMIRA

aQoaon

Q3CE
C1ZE
C17e
Cos4
CO¥S
CZBE
CoDA
ci11
1104
ci1s2
1108

3944
1000
c152
110%

osSng
3544
0505
1007

Q305
3744
0505
1003

0504
QS0
2744
Co13
1104
1305
OAOS
2745
Q330
0500
0805

* ¥ %k ¥ % &

SDAT

L

$L1

* IC

# I>
L2

* [

L3

SHFT

L4

2.3.0 78.244 09:33:32 07/10/79

10T 5

FUNCTION =(I,J.0)

INTEGER I.J.0, S

MULTIFLY I BY J AND SHIFT THE FIRST WORD
OF THE RESULT BY & BITS

DEF S
DSEG
A BSS 32
DEND
PSEG
DATA $DATA
DATA S+4
RORG 4
INCT 14
MOV #14+,4
MOV #14+,5
MOV #4,1 (1)= ADDRES3 OF I
MOV #5.2 {2)= ADDRESS OF J
MOV #14+, 10
MoV #10,3 (3)= ADDRESS OF @
MOV " #1.4
JUT L1
MOV *2,5
JLT $L2
=0, J>=O
MPY 4,5
JMP SHFT
MoV *2,5
JLT L3
0, J>=0
NEG 4
MPY 4,5
NEG =1
JMP SHFT
=0, JCO
NEG 3
MPY 4,5
-NEG 5
JMP SHFT
0, JO
NEG 4
NEG =1
MPY 4,5
MoV *3,0
JLT $l_4
JEQ SHFTO
SLA 5,0
MOV S5,#13
RTWP
NEG 0
SRA S0

FAGE GQO1L

127



128

TXMIRA

00535 0043 C745 SHFTO
QQSA O04A 0380

Q057 004C

005&

2.3.0 78.244 09:133:32 = 07/10779

MOV S.#12
RTWFP

PEND

END

PAGE QOQO02



LX)

" %DATA
‘ $L4

0000 ERRCRS

TXMIRA
0000 7 #L1
0044 DS

2.3.0 78.244 09:33:32

OOLE . e Q0ZA
0000 ‘ SHFT 0033

Q7/10/7%

< $L3
< SHFTO

FAGE ©QO02

0032
0042
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0001
0002
Q002
Qoo4
00035
QO0&
Q007
elalels
Q00%
QOtQ
00t1
0012
003
014
0013
QoL
0017

Qois
Qo019
Q020
0021
0022
00232
Qoz24
Q0235
0026
0027
0023
0029
Q030
0031
Q032

0033
0034
Q025
003&
0037
0033
Q039
0040
0041
0042
Q043
0044
Q04S
o044
0047
0043
0049
0030
0051
Q052

QOO0
QOO0
0020
QOO0
Qa0
Q002
QQ04

[W]elsl:}
Q004
Q003
Q00A
QOOC
000E
Q010
Q012
o014
0014
Q018
0C1A
o01C
QO1E
G020
QOzZ2
o024
00zZ4
0023
QOOZA
QO2C
QOZE
0030
o0z2
Q0z4
(ol
0033
QQZA
003
OQ3E
0040
0042
no44q
0044
QU443
QQ4A
Qo4cC
CGQ4E
Q050

TXMIRA

QQOQ"
0004~

QOSCE
Q2082
oo10
COBE
cocz
oSC3
L2BE
C1SA
CO1S
1112
1313
6200
ciiz
C152
0AQ4
240
0A1?
CiA%
020"
coos
QROS
COCH
40L&
05446
4144
ELO3
co4D
cC44
C445
0220
coO4D
CCS2
C453
QE80
0740
c112
C1353
0705
2240

* % K X ¥

sDATA

sD

SHFTO

$L1

2.2

1T

DEF

DSEG
BsS

DEND
FSEG
DATA
DATA
RORG

INCT
LI

MoV
MOV
INCT
Moy
Moy
MOV
JUT
JEG
S
MoV
MOV
SLA
MOV
SLA
Mov

MQV
SRC
MOy
SIC
INV
sIc
soc
MQY
Mav
MaV
RTWFP
MOV
MoV
MOV
RTWF
ABS
Moy
MQv
SRL
MOV

L0 72,244 11:54:142 Q7/13/79

SO

FUNCTION SDOX.G)
INTEGER#*4 =D, X
SHIFT X BY @ BITS

sD

32

$DATA
5D+4
4

14
g 16

#14+4,2 (2)+(3)= ADDRESSES OF X
2.3

3

*#14+,10

#10,5 (S)= ADDRESS OF @
*#5,0

L1

SHFTO

0,8

*2,4

*#3,5

4,0

¥

a1

@WRD(?) - &

8,0
5.0
S 2
6:3
&

6515
3.4
13,1
4, %1+
TR

13.1
*2, 81+
*3, %1

0O
*2,4
#3,5
S0
0,9

PAGE Q001



[a 0l
Q0S4

0035
0054
Q057
0S8
QOS3?
GO&D
D061
00&2
Q0L
00464
QO4AS
[¥IaT. ¥
Q0067
0043
[#]e 704
0070
Q071
on7Z2
Q073
0074
QU735
Qo7&
Q077
0073
Q7%
0080
G031
Q032
QOasd
0034

QOS2
Q0S4
0084
QOSE
QOSA
QCSC
QOO5E
00&Q
[Ty
QOe4
QO&A
QQse3
004&A
Q020
D020
Q22
00Z24
0026
0022
002ZA
002C
00ZE
00320
Q032
0024
00324
0033
GOZA
QO3
QOZE
0040
0042

TXMIRA

0A1?
C1A7
0020"
Cic4
4126
004
0BO7
Et1a7
CO4D
CC44
CA45
0220

FFFF
FFFE
FFFC
FFFS3
FFFO
FFEQ
FFCO
FF30
FFOO
FEOQ
FCO0O
F20Q
FO0o
EQQO
L0000
8000
0000

WRD

2.3.0 72.244 1133546:4Z

SLA
MoV

MOy

sIcC

ERA

SRC

S0

Mav

MOV

MoV

RTWP
PEND
DSEG
DATA
DATA
DATA
DATA
DATA
DATA
boATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DEND
END

9'1
SWRD(9), &

4,7
&7
4,0
710
7:5
13,1
4,#1+
S, #1

>FFFF
>FFFE
>FFFC
>FFF2
>FFFO
>FFEOQ
SFFCO
SFFS0
>FFOO
>FEGO
>FCOO
>FE00
>FO00
SEDOO
SCO00
28000
20000

Q7/18/7%

FPAGE

Q002

131



=0 TXMIRA 2.3.0 78.244 11156342 Q7/13/7% PAGE 0003
" $DATA 0000 . 1 | 0043 D sb 0000 “ SHFTO 040
" WRD Q020

0000 ERRDRS
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APPENDIX F

I/O AND TIMING: TI®90 ASSEMBLY LISTING

133



SHnKS

0001
0002
[elul4
0004
QQOS
o0&
QoO7
Q002
[aleloky
0o1L0
Q011

o012
0012
0014
Q015
0014
Q17
oots
001y
Q020
0021

0022
Q023
0024
QG228
Q026
Q027
o022
0029
[elaxcle]
0031

Q032
0033
00324
0035
a036

0037
0033
Q039
0040
0041
0042
0043
o044
0045
0044
0047

0048

134

0000
Q002
0004

0024
Q024
QO3
Q02A
00z C
O02E
0030
0032

0034
03246
Q033
O02A
0O3C
CO3E
0040
Q042
0044
Q046

TXMIRA 2.3.0 73.244 09:37:43 07/10/7% PAGE 0001

0004
0024°

Q300
0000
oze2
QUBE”
On03
QOAE”
C10E
CL2E

L0544
coo2
o014
cuoz
001é
QACS
QAC&
Q2&F
Q00OF
Qo24F

* ok %ok ko ok ok ok ok ok ok ko X & K % X ok % %

IDT “CLOCKS” MAY 15,1979

THIS MODULE CONTAINS 2 FORTRAN CALLABLE SUBROUTINES
AND ONE INTERRUPT SERVICE ROUTINE WHICH PROVIDE
TIMING CONTROL OF REAL TIME OPERATIONS,

SUBROUTINE TIMEON(N} STARTS THE CLOCK AN
FPERFORMS TIMING INITIALIZATION. N = NO. OF 3.33 M3EC.
PULSES FER PASIC PROGRAM CYCLE. IT SHOULD BE CALLED
ONCE BY THE MAIN PROGRAM,

SUBROUTINE WAIT DELAYS FURTHER PROCESSING UNTIL
THE BASIC SAMPLE TIME HAS EXPIRED(N#8.33). IT SHOULD BE
CALLED IN THE REAL TIME LOOP AFTER OTHER ROUTINES ARE
PROCESSED. -~ NO ARGUMENTS --

SUBROLUITINE TIMEOF{MAXCNT.NERR) STOPS THE CLOCK AND
PROVIDES AN INDICATION OF MAXIMUM LOOP TIME AND TIMING
ERRORS THAT OCCURRED DURING THE REAL TIME LOOP., MAXCNT =
MAX. NO. OF CLOCK PULSES REQUIRED BY RUNTIME ROUTINES.
NERR = NO. OF PROCESSING TIME OVERFLOWS THAT QCCURRED
DURING THE REAL TIME LOOP.

ROUTINE CLKS SERVICES [EVEL 3 INTERRUPTS
GENERATED (EVERY .33 MSEC.(120 HZI)) BY A REAL TIME
CLOCK. ITS OPERATION IS AUTOMATICALLY CONTROLLED.

DEF TIMEON
DEF WAIT
DEF TIMEOF

»

*

# SUBROUTINE TIMEON

# INITIALIZE CLOCK INTERRUPT FROCZSSING AND START THE CLOCK

#*

TIMECN DATA WSPIL SUB. TIMEON WORKSPACE ALDR.

: DATA PC1 SuB. TIMEON PC ADDR.

WSPt BSz 32 WORKSP. FOR TIMEON,WAIT, TIMECGF

* .

PC1 LIMI © DISABLE INTERRUFTS
LI 2, WSP R2=WP ADDR OF INT. SERV. ROUT.
LI 3. CLKS R3=PC ADDR OF INT. SERV. ROUT.
MOV #14+,.4 R4=NO. OF SUBROUTINE ARGUMENTS
MOV #14+,4 R4=ADDR. OF 15T ARGUMENT

* R14 = CORRECT FC ADDR FOR RTWF
MOV #4,1 Ri=N=NJ. OF FULSES FPER CYCLE
MoV 2,@>14 LOAD LEVEL S INT VECT WP
MOV 3,@>14 LOAD LEVEL 5 INT VECT FPC
CLR 5
CLR ¢
ORI 15, >Q00F ENABLE INTERRUPT LEVEL § IN
ANDI 15,>FFFS STATUS REG OF MAIN PROG.



Q047
00NS0

0051
0052
Q053
o054
Q0SS
QUS54
Q57
005
0039
aQel
0061
QOs2
00463
QO&4
0045
AOhAL
00467
Q043
QL%
a070
0071
0072
0073
o074
0075
Q0746
0077
Q073
o073
0030
0081

Qo2
0033
0054
0085
Q024
0037
Q088
[alvred
Q090
0091
0092

QUe3a
o024
Q095
0094
007
0098

0043
Q04A
Q04
004E
QOSo

Q052
0S4

0054
00sa
005A
QOSC
QOSE
00&0
QQ&Z
0064
0046
V0L
Q04A
00&L
QOLE
0O70

0072
0074
QO7&
0072
0074
007C

QO7E
00B0
002

0024
026
00z

002A
QOIC

TXMIRA C2,3.,0 73,244 09:39:43 07/10/7%9 PAGE 00072
FFFS
OZA0 CKON START THE CLOCK
0300 LIMI S 'ENABLE LEVEL 5 IN SUB. TIMEON
CO0%S
Q&40 IDLE WAIT FOR 13T INTERRUFT AND

* SYNCHRONIZE COUNTER IN

Q402 CLR #2 REG. O OF INT. SERV. ROUT.
0330 RTWF | RETURN

0004~
QOSA”
OSCE
cipz
5147
1201
2147
23047
1A01
0526
2052
1AFE
0402
o320

0004~
00767
G300
0000
Q23CO
0535

OSCE
C23E
C27E

C&0S
C&d4

Q300
[aTalntet
0330

SUBROUTINE WAIT

DELAY FURTHER FROCESSING UNTIL SAMPLE TIME HAS

*
*
#
# EXFIRED - CHECK FOR TIMING ERRORZ.
*
W

ALIT DATA WSFL
DATA PC2

FC2 INCT 14
MOV #2,7
c 745
JLE  S1
Mav 7.5

51 c 751
JL DELAY
INC ¢

DELAY C #2,1
JL DELAY
CLR %2
RTWP

% % % %k ¥

TIMECQF DATA WSP1
DATA PC3
FC3 LIMI ©

CKOF

INC S

INCT 14

MOV #14+,8
MOV #14+,9

MOV 5,#8
MOV &, %P

LIMI S

RTWP

ROUTINE CLKS

* & ok * &

SUBROUTINE TIMEDF
STOFP THE CLOCK AND RETURN ARGUMENTS TO CALLING PROGRAM

SUB. WAIT WORKSPACE ADDR.
SUB. WAIT PC ADDR.
RI4=CORRECT FC ADDR. FOR RTWP
SAVE CURRENT PULSE COUNT

IS CURRENT COUINT A MAXIMUM?
NO,JMP TO TIME QVERFLOW TEST
YES, SAVE MAX. COUNT IN RS

IS COUNT GT ALLOWED MAX.?

NO, JMP TO WAIT LOCOF

YES, INC R4 = NO. OF OVERFLOWS
HAS TIME EXFIRED ¥

NG, WAIT FOR INTERRUFTS

YES: RESET COUNTER

RETURN

SUB. TIMEOF WORKSPACE ADDR.
SUB. TIMEOF PC ADDR.

STOP THE CLOCK

R5=R5+1=MAX COUNT NEEDED EY
RUNTIME ROUTINES

#14=A0DR OF 1ST ARGUMENT
R8=ADDR OF 1ST ARGUMENT
R9=ADDR OF 2ND ARGUMENT
R14=CORRECT FC ADDR. FOR RTWP
1ST ARGUMENT = MAX COUNT

2ND ARGUMENT = NO. 0OF TIME
OVERFLOWS IN RUNTIME LOGF

RETURN

CLOCK INTERRUPT PROCESSING ROUTINE

135



rLACKS

136

0099
0100
0101
0102
0103
Q104

Q02E

TXMIRA

QOAE 0520

00RO
QOB2
00B4

Q3EC0
QA0
02280

W3P
CLKS

2.3.0 78,244 09:39:43

B3 32
INC O©
CkOF
CKON
RTWP
END

07/10/79

WORKSPACE FUR CLKS
COUNT CLOCK FULSES
CLEAR THE INTERRUPT
RESTART THE CLOCK
RETURN

FAGE 0003



CLOCKS TXMIRA 2.3.0 78.244 0Pi37143 07/10/79 FAGE 0QUL4

7 CLKDS OOAE “ DELAY QO4LA < PC1 Q024 ° PC2 O0SA
M Q074 M=) | 0044 D TIMEQOF 0072 D TIMEON QOO0
D WAIT 00546 7 WSP O0EE 7 WSP1 Q004

Q000 ERRORS
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INPCAS

138

Qo1
Qo2
Q0032
00c4
000S
000é
Q07
003
Q009
o010
o011
o012
Q012
0014
Q015
0014
QQi7
o018
Q019
0020
Qo021
0022
Q023
0024
0023
00264
Q027
0023
Q02%
0Qgz0
R031
Q032
0033
o034
Q035
003¢&
0037
Q038
0039
0040
0041
0042
Q043
0044
0045
0046
0047
0043
Q049
Q050
0051
0052
Q053
0054

QGO
0002
oG04
Q00s4
0002
Q00A
vl lalm
O00E

0010
Q012
0014
0016
0018
001A
o01C
001E

TXMIRA

Q03E~
0020~
QORE~
GO207
GOSE~
0020~
QO3E”
00z0~

QORE”
(el Y- 3g
OOZE~
1570 2d
QOZE”
00447
DOZE S
OCe4 -

B % 3k % ok K sk ok ok K ok ok ok k ok % %k % %k %k % ¥k ok

2.3.0 72.244 07:41:12 07/10/7%9 FAGE 0001

IDT “INPCAS” C MAY 2041979

THIS MODULE CONTAINS 2 FGRTRAN CALLABLE ROUTINES
THAT READ ASCII DATA FROM TI 73ZASR CASSETTES 1 AND
2(LUND 7 AND 38). FOUR ENTRY POINTS ARE SUFPPLIED

FOR EACH CASSETTE WHICH ALLOWS READING (1) INTEGER,
(ZIEXTENDED INTEGER, (3)REAL. AND (4)LOGICAL DATA
TYPES. THE ASCII CHARACTERS ARE CONVERTED TO BINARY
WORDS (4 CHAR PER WORLD) AND STORED IN CONSECUTIVE
MEMORY LOCATIONS BEGINNING AT THE ADDREZS IN “ARGL".
=~ ONE ARGUMENT USED ——

CASSETTE 1 ROUTINES READ MULTIPLE RECORDS. THE FIRST
RECORD ON TAPE SHOULD CONTAIN THE RECORD COUNT (LST 4
CHARACTERS). REMAINING CHARS. IN THE 15T RECORD ARE
IGNORED. THE REMAINING RECORDS SHOULD CONTAIN INFUT DATA
PACKED UF T 30 CHARS. PER RECORD (= 20 COMPUTER WORDS).

CASSETTE 2 ROUTINES READ ONLY 1 RECORD PER CALL. THE
RECORD SHOULD CONTAIN INPUT DATA PACKED UP TO 80 CHARS.
PER RECORD.

EXAMPLE: CALL INCS2I(D WILL READ A RECORD FROM
CASSETTE 2 AND STORE ALL WORDS IN THAT RECORD
STARTING AT LOCATION "J"

DEF INCS1I CASSETTE 1 INTEGER INFUT
DEF  INCS1E CASSETTE 1 EXTENDED INT. INPUT
DEF INCES1R CASSETTE 1 REAL INPUT
DEF INCSIL CASSETTE 1 LOGICAL INFUT
*
DEF INCSZI CASSETTE 2 INTEGER INFUT
DEF INCSZE CASSETTE 2 EXTENDED INT. INRUT
DEF INCSZR CASSETTE 2 REAL INFUT
DEF  INCS2ZL CASSETTE 2 LOGICAL INFUT
*
INCS1I DATA WSP WSF = ADDR. OF WORKSPACE
DATA STARTIL STARTY = ADDR., OF PC FOR CS1
INCSIE DATA WSP
DATA START!
INCSIR DATA WP
DATA STARTI
INCSIL DATA WSP
DATA START1
*
INCS2I DATA WSP
DATA STARTZ2 START2= ADOR.OF PC FOR C32

INCSZE DATA WSF

LATA STARTZ2

INCSZR DATA W3F

DATA STARTZ2

INCS2L DATA WP

* * %

DATA STARTZ

READ FROM CASSETTE 1 (LUNO 7) - MULTIPLE RECORDS



INPCAS

Q0SS
00S&

QOS7

Q053
005w

Q040

0061

0062
00&3
00&4
00465
Q0&é
0047

Q068

Q0&9
0070

Q071
QQ72
Qu73

Q074
0075
Q074
0077
Q073
007%
Q0Z0
0031
Q082
0083
0024
0035
Q036

Q087
0038
Qo8
00%0
uler=p

QoR2

QOZ0
0022
Q04
QU246

QO2E
002A
002C
QOZE
0030
Q0322
Q034
Q034

0035
00ZA
003C

Q03E
0040
Q042
0044
o044
004z
o04A
0040
004E
0050
00%2
Q054
00546

QOTE
QO%A

QOSC
00SE
Q0&0
00L2

o0é&4
00L&
QO&:2
00&A

QO&C
QO&E
o070
0072
Q074

TXMIRA
*
ZFEQ  START1 XOP
QOFE~
ZFEQ XOP
Q104"
»*
320 MoV
Q0AE~
01207
Cg20 MOV
GORO
01327
ZFEQ XoP
01ZE”
i
c040 MY
QSCE INCT
COBE MOy
+*
ZFEQ 51 XaP
010A/"
COEQ MOV
0114~
[ SRL
Q204 L1
QOAE~
cg34 S22 MOV
01307
ce34 MOV
D1327
ZFEQ XOP
012E~"
+*
CC20 MOy
Q&03 DEC
+*
1BF7 JH
04601 DEC
1BEE JH
0220 RTWF
*
»*
#
»*
2ZFEQ  STARTZ XOP
011467
GICE INCT
COBE MOV
*
2FEQ XOP
01227
COEQ MOV
012C7
0923 SRL

2.3.0 78.244 09:41:18

@CS1IC, 1S

@INPT1,15
@BLF,@W1
ERBUF+2, @W2
@ASKEBIN, 15

0:1

14

*14+,2
@INPT1,15
@NCHAR1, 3

3.2
4, BUF

#4+, W1
*4+, @W2
@ASKBIN, 15
Q, %2+

3

52

i
=31

READ FROM CASSETTE 2 (LUNOD

@Cs2IC, 15

14
*14+,2

@INPT2,15
@NCHARZ, 3

32

07/10/79 PAGE Q002

OFEN LUNO 7 (CASSETTE 1)

READ 15T TAFE RECORD = NO. OF

RECORDS THAT FOLLOW

MOVE 1ST 4 CHARS. INTO

CONVERSION AREA

CONVERT ASCII TO BINARY

RO = NO. OF RECS. ON TAPE
Ri= NO. OF RECS. ON TAPE
%14 = ADDR, OF 1ST STORAGE LOC
RZ = ADDR. OF 1ST STORAGE LOC.
R14 = CORRECT PC ADDR. FOR RTW
READ A RECORD FROM LUNOD 7

R3 = CHARACTER COUNT(THIS RELC)
R3 = WORD COUNT(THIS RECORD)
R4 = ADDR FOR ASCII STOURAGE

-— MOVE 4 AZCII CHARACTERS
INTO CONVERSION AREA ——

CONVERT 4 ASCII CHARS. INTO
ONE BINARY WORD (RQ)

TRANSFER BINARY WORD TO MEMORY
ARE ALL WORDS IN CURRENT
RECORD CONVERTED 2

NO. TRANSFER AND STORE AGAIN
HAVE ALL RECORDS BEEN READ 7
NO. READ ANOTHER RECCRD

YES, RETURN

8§) SINGLE RECORD
OPEN LUNQ 2(CASSETTE 2)
*14=ADDR. OF 15T STORAGE LOC.

R2=A0ODR OF 1ST STORAGE LOC.
R14=CORRECT FC ADDR.FOR RTWF

READ THE CASSETTE RECORD
R3 = CHARACTER CUOUNT
R3 = WORD COUNT

139



INFCAS

140

0093
Q074
QO9S
QORé

Qoe7
0093
QY
0100
0101
o102
0103
104
0105
(03 T0 )
0107
0103
Q109
0110
o111

o112
0113
0114

0115
0t1s
0117

0118

0119
0120

0121

0122

0123
0124
0125
01246
0127

GO74
0073
QO7A
007c
007E
Qo0
oogz
0024

0036
oS3

OOzA
00RC

QOZE
V0AE

QOFE
0100
0102

010A
010C
O10E
0110
0112
0114

0116
0113
011A

0122
0124
01246
0125
O12A
o1zC

012E
0130
0132

TXMIRA
0z04 LT
DOAE
c2z4 53 MOV
01307
Ca3z4 MOV
0132~
ZFED XapP
012E~
*
CCaQ MOV
04603 DEC
*
1BF7 oJH
0330 RTWP
*
*
*
WSP B3S
BUF BSS

Q000
0007

QOO0
0207
QOO0
00AE“
Q050
Q000

0000
0002

(alnle]u)
o208
000G
QOAE~
Q030
00D

oDoo
0000
Qouo

*

#x%## XOP 1S5 DATA BLOCKS

*

CS1IC DATA
BSS

*

INFTL DATA

NCHAR1 DATA
*

CS2IC DATA

BSS
*
INPTZ DATA

NCHARZ DATA
*
ASKBIN DATA
Wi DATA
W2 DATA
»

END

2.3.0 72.244 07:41:13

4, BUF
*4+, QW1
w4+, W2

@ASKBIN, 15

O, 24

3
S3

32
80

0.7

8

0, 30907, 0, BUF, 80

o
0,8
8

0, >0%08, 0, BUF, 80

0000

Q7/10/7% PAGE 0003

R4 = ADDR FOR ASCII STORAGE
== MOVE 4 ASCI1 CHARACTERS
INTO CONVERSION AREA

CONVERT 4 ASCII CHARS. INTOQ
ONE EBINARY WORL (RQ)

TRANSFER BINARY WORD TO MEMORY
ARE ALL WORDS IN RECORD
CONVERTED AND STORED <

NO. TRANSFER AND STORE AGAIN
YES. RETURN

WORKSPACE AREA
STORAGE FOR ASCII CHARACTERS

LA s &k

OPEN LUNO 7(CASSETTE 1)

READ ASCII REC. FROM LUND 7

OPEN LUNG S(CASSETTE 2)

READ ASCII REC. FROM LUND 8

CONVERT ASCII TO BINARY



INPCAS

ASKBIN
INCS1E
INCS2E
INPTL
51
S5TART2

LR = I = RN

0000 ERRORS

TXMIRA

012E
0004
o014
Q10A
DORE
00&4

-

a}
o

-

BUF
INCSIT
INCE21
INPT2
=2

Wi

00AE
Q000
0010
o122
004C
0130

78.244 (%:41:13

ARV = ) SR

CS11IC
INCSIL
INCSZL
NCHARL
53

Wz

QOFE
oo
001C
0114
007A
0132

07/10/79

7 CE2IC
D INCS1R
D INCSZR
“ NCHARZ
7 STARTI
* WSP

FAGE 0004

0114
Qo0&
0013
oizc
Q020
Q0ZE

141



racg

142

0001
0002
Q003
0004
0003
0004
QQG7
0003
Qo0
0010
Qo1e
o012
Qo132
0014
0015
0014
Q017
o]0} E=
oo1e
Qo220
0021
ooz2
0023
o0z4
0025
002é
0027
0023
Qo2
0030
0021
Q032
00323
0024
0035
0034
Qoz7
0038
QO3
0040
0041

0042

Qo443
0044
004S
0046
0047
Q048
0047
QOS0
Q051
0052
0053
0054

QQa0
0002
[alulel:3
[alW]sTN
Q00s
QQOA
0QHC
QOQE

agl1Q
Qolz
0014

TXMIRA

00207

[*Iulaag
00Z0~
0040~
QQZ0~
oa40-
D020~
aQaQ-

Q0207
QoAC~
0020~

Wodk ¥ ook ok % %k ok ook 3k W ok ok ook ok ok koo K ok % ok K X K ok k%

*
#*

INASRI DATA WSP

2.3.0 78.244 (09:45:22 07/1Q0/7% FAGE 0001

IDT -“I0ASR” JUNE 15,1979

THIS MODULE CONTAINS 2 FORTRAN CALLAEBLE ROUTINES THAT
PERFORM INPUT AND CUTFUT TO THE TI 733ASR TELETYFE
(LUND &). FOUR ENTRY POINTS FOR INFUT AND FOUR FOR
QUTPUT ALLDW READING AND WRITING (1)INTEGER. (2)EXTENLED
INTEGER. (Z)REAL, AND (4)LOGICAL DATA TYFES. THREE
ARGUMENTS ARE USED:
(1)ARG1 = STARTING ACDR OF DATA TO BE INPUT OR QUTPUT.
{2)ARGZ = ADDRESS OF THE NUMBER OF CONSECUTIVE MEMORY
WORLS TO BE INPUT OR QUTFUT.
(3)ARG2 = STARTING ADDRESS OF THE TEXT. INPUT
ROUTINES REQUIRE CONSECUTIVE & CHARACTER
TEXTS FOR EACH WORD INPUT, QUTPUT ROUTINES
REQUIRE ONLY ONE & CHARACTER TEXT FOR EACH
SUBROUTINE CALL. .
INTEGER#Z INFUTS AND OUTPUTS ARE DECIMAL NUMBERS.
ALL OTHER INFUTS AND OUTPUTS ARE HEXADECIMAL NUMBERS

EXAMPLES: CALL FRASRI(J.S,JTEXT) WILL PRINT & INTEG
NUMBERS STARTING AT LOCATION "J*,
LISE: DIMENSION JTEXT(3) AND
DATA JTEXT/&H o/

CALL INASRR(A, &, ITEXT) WILL READ 3 REAL
NUMBERS (& MEMORY WORDS) AND STORE THE
BINARY STARTING AT LOCATION "A".

USE: DIMENSION ITEXT{(13} AND

DATA ITEXT/éH A 30H casd
DEF INASRI INFUT FROM TTY - INTEGER
DEF INASRE INPUT FROM TTY — EXTENDED INT.
DEF  INASRR INFPUT FROM TTY - REAL
DEF INASRL INPUT FROM TTY - LOGICAL
DEF PRASRI’ PRINT TO TTY - INTEGER
DEF FRASRE PRINT TQ TTY ~ EXTENDED INT.
DEF  PRASRR FRINT TO TTY - REAL
DEF PRASRL PRINT TO TTY - LOGICAL

WSP = ADDR. OF WORKSFACE
DATA START3 START2 = PC FOR DECIMAL INFUTES

INASRE DATA WsP

DATA STARTL START1 FC FOR HEX INFUTS

INASRR DATA WP

DATA STARTL

INASRL DATA W:P

3+

DATA STARTL

PRASRI DATA WsP

DATA START4 . START4

PC FOR DECIMAL CQUTPUT

PRAZRE DATA WSP



TOASR

00SS
QUS4
Q057
GOS3
0059
Q040
O0&1
0062
Q043
00464
00465
00&s

00587
0042
ulelo

Q070
0071

QO72
Q073
Q074
Q075
Q076
0077
Q072
0077
0020
alui=} ]
Q082
Qo3
Gos4
Q0Qes
QOgsd
0037
Qo
QOge

Q090
ou¥]

0014
0013
O01A
Q010
001E

0020

0040
0042
0044
Q044
0042
QU4A
Q04
QO4E
GOS0
[alo e
0054
0054
0052
Q05SA
0QSC
QOSE
0Q&0
0062
Q064
Q064
00&E

QO&A
COALL
QQ&E
0070
a7z
0074
0074
00732
007A
0Q7¢
QO7E
Q0RO
QOiz2
0034
Q0S4
003
QOSA
QOEC
QOSE
Q00
QO

TXMIRA
0OIA~ DATA
Q020" PRASRR DATA
QOYA~ 0ATA
Q020" PRASRL DATA
QA" DATA
*
WEP BSS
*
»
# READ FRO
*
0204 STARTL LI
QDOO
C20& MOV
o17&7
Q204 LI
0004
CE0é May
01747
1002 JMP
206 STARTZ LI
CROO
CE0& MoV
017327
Q204 LI
0004
CE04 MO
0174~
OSCE €5 INCT
CO7E Mav
CORE MOV
C17E MoV
+*
ZFEQ XoP
0125~
copz MOV
1213 - JLE
2835 S MOV
0190°
Ce3s MQy
Dre2”
C835 MOV
0194~
ZFEOQ XOP
0196~
2FEQ XapP
i34~
ZFEQ XoP
014"
2FEQ XopP
0178~
CC4¢ MOV
ZFEQ XopP
0128~

2.3.0 78.244 (9:145:28

STARTZ2
WP
STARTZ
WSP
START2

22

M TTY (LUNO 4)
&, 20000

&6, @CTE

b1 4

&, @RVAL+3

S5
5, >0B00

&, @CTE

br

&, @RVAL+2
14

#14+41
#14+,2
#14+,5
CLFCR, 15
*#2,2
RETLIRN

#5+, GCHAR
#5+, @CHAR+Z
#5+, @CHAR+4
@PTEXT, 15
CEGHIALS, 15
@RVAL, 15
@CTB, 15

O, %1+
@LFCR, 15

AND

a7/10/77 FAGE Q02

START2 = PC FOR HEX QUTPUT

-WORKSPACE

STORE DATA IN MEMORY

CONVERT HEX TOQ BINARY

CONVERT REC. TO EINARY

AOOR. COF WORD

ADDR. 0OF WORD COUNT
ADDR. OF TEXT

CORRELCT P ADDR FOR RTWF
FEED + CR

R1
R2
RS
R14=
LINE

R3 = WORD COUNT
RETURN IF WORD COUNT NOT +
CHAR CONTAINS TEXT CHARACTERS

PRINT TEXT

FRINT * = *

READ HEX ASCII VALUE

ACSIT TO BINARY CONVERSION

STORE EBINARY WORD
LINE FEELD + CR

143



I0ASR

0092
qOP3
00?4
QOYS
00Ré
Q97
0078
QOFY

0100
0101
0102

103
0104

0105
0106
0107
0108
010%
0L10
o111
0112
0113
0114
01135
o116
0117
o118
011%
Q120

0121
0122

0123
0124
Q125
0126

0i127
0128

144

0094
Q094
0093

QU2A
QO
QURE
Q0AD
00AZ
O0A4
QOCAL
00AZ
QO0AA
QOALL
QOAE
CQRO
Q0BZ
QOR4
D0RA&
o0BR
COBA
QOBC
QOBE
QOCO
aoCz

QoC4
O0C4
[ela/ne=3
O0CA
QQCC
O0CE
QODO
oopz
cong
QOD&
Qopnz
O0DA
QQnC
OODE
GOEDQ
QNE2
QCE4
QOESL
OOE3
QOEA
OQED
0QEE
QOFO
OOF2

TXMIRA

0603
14ED

DEC
JNE

2.3,0 72.244 0%:45:28

[ A]
—

0320 RETURN RTWP
#*

*

# PRINT TO

*

0204 STARTZ LI

[a]dpls’
806
o15E
QZ0&
0004
C30&
016A7
1005
Q204
GAQQ
CEC&
0153~
Q204
0006
(=147
Ol4A7
0SCE

CO7E .

CORE
C17E

copz
1z1c
C23s
01207
caas
1wz
£gas
0194~
2FEQ
01946~
2FEQ
c124-
0204
Q00
c0o21
2FEQ
orsg”
2FEQ
014607
2FEQ
01346~
04603
1207
04604

START4

[1/]
+

MoV
LI
MOV

JMP
LI

MoV
LI
MOV
INCT
MoV
MoV
Mav
MoV
JLE
MOV
MOV
MOV
X0OP
Xop
LI

MoV
XOP

XOP
XOP
DEC

JLE
DEC

TTY (LUNO &)
&, >0C00

&, @CTA

5,4

6 @PVAL+10

<&
&5 >0A00

6. @CTA

b.4

by @PVAL+10
14

*14+,1
*14+,2
*14+,5

#2,3

54

*5+, @CHAR
*35+, GCHAR+2
*#5+, @CHAR+4
@PTEXT. 1S
@EQUJALS, 15
4,8

*#1+,0
eCThA., 1S

epPvAL, 1S
@SFACEZ2, 15

LN N
+

Q7/10/7% FAGE 0003

HAVE ALL WORDS BEEN TAKEN ?
NO. READ ANOTHER WORD
YES., RETURN

CONVERT BINARY TO HEX ASCII

CONVERT BRINARY TO DEC. ASCII

R1 = ADDR. OF WORD

R2 = ADDR. OF WORD COUNT

RS = ADDR. OF TEXT

R14= CORRECT P ADDR FOR RTWP
R3 = WORD COUNT

LINE FEED + CR IF WORD CNT.=0
CHAR CONTAINS TEXT CHARACTERS

PRINT TEXT
PRINT " = »
R4 = WORDS FER LINE COUNTER

RO = CONVERSION AREA
BINARY TOQ AsCII

PRINT VALUE

PRINT 2 3SPACES

HAVE ALL VALUES BEEN PRINTED
YES, RETURN

DOES CURRENT LINE CONTAIN
8 VALUES 7



0144
0145
0144

0147
0142

0149

Q150

a151
0152
01353
0154
01353

156
c157
Q158

QOF 4

00F&
OoFa
O0FA
QOFC
OOFE
0100
oLoz
0104

0104

01248
o1za
01ZA
o2
Cl12E
0130
o132

0134
0134
0138
013A
o13C
013E
0140

0142
n144
Q0t44
014
214A
Q14C
014E
0150
0152
0154
0154

Q152
015A

0160
0142
0144
0146
Q143

0140

TXMIRA

15FS

ZFEOD
01237
ZFEQ
(s3Y: Tntd
1OEE
2FEQ
01z&-

QZE0

QDA
0000
QBOA
Qo0
Q1267
QOO0
QQo2

2020
Q000
ORG&
0000
0124~
efalely)
Q002

2020
2020
2020
2020
2020
0000
QBOA
[ela]s]s]
01427
[wlaluls}
QOO

Q000
DBOA
[aleZyTi]
015A“

Q000

*

HAH AR
*

o
LFZR

SPACE?

CTA
AQUT

PVAL

RVAL

XOF

JMP
XOop

RTWF

BSS
XoP

OATA
DATA

DATA
DATA

DATA

DATA
DATA

BSS
B3e

DATA

BSS

DATA

2.3.0 78.244 09:45:28

§3
@LFCRy 1S
@SPACEY, 1S

S2
BLFCR» 15

32
15 DATA  #%sss

>0D0A

0, »0B06+0.D1,0,2

>2020

Ov:'OBOb- 01D2:0|2

22020, 22020, 32020

22020, 22020

0, 20B06,0,03,0,9

0, >0B0&, 0, AOUT

4

Q, 20706, 0,AIN

Q7/10/7%

NO PRINT NEXT VALUE ON
SAME LINE
YES. START A NEW LINE.

INDENT, AND

RESUME FPRINTING
LINE FEED + CK

RETURN

WORKSPACE

LINE FEED + CR

PRINT 2 SPACES

PRINT ¢ SPACES

CONVERT ASCII TO BINARY

PRINT ASCII VALUE

READ ASCII VALUE

FAGE 0004
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I0ASR

146

0159
Q160
161
0142
0163
Qls4

01465

Q1646
01467
0148

014E
0170
0172
0174

o173
017A

0180
o182
0154
124
o1a3
012A
ol1eg
O18E

0120
0174
o1ez
017A
oteC
01%E
01A0

TXMIRA

0206
0000
017AR7

203D
2020
Q00
0BG
Lala Julu]
0120~
QOO0
0003

0000
OBO&
Q000
010~
000¢
0004

#*
CTB

AIN
*

04

EQUALS

CHAR
PTEXT

2.3.0 78.244 09:45:28 07/10/79 PAGE Q005
B3S 4
BSS 2 CONVERT ASCII TO BINARY
BSS ¢

DATA 2035, 22020

DATA ,>0B0&,0,D4,0:3 PRINT * = *

B35 &
DATA (,>0B0&,0,CHAR, 0.4 PRINT TEXT

END



IDASR

< AIN
CTE

04
INASRL
PRASRI
PVAL
s2

Sé
STARTZ2

~

[ - I = IS

0000 ERRORS

TXMIRA

0174
a17s
0120
aO0C
0014
Q140
DonC
QUEC
00%A

AQUT
m
EQUALS
INASRR
FRASRL
RETURN
53
SPACEZ
STARTZ

2,3.0

015A
0126
0124
[ally}s
oD1c
[alap=cd
ODED
0134
0052

78.244 (9145128

LR = BEESE BN

CHAR
Dz
INASRE
LFCR
PRASRR
RVAL
54
SPACE?
START4

0190
0124
0004
123
0013
Q1&C
0100
014G
QOAC

07/10/7%

L O = N o IR Y

CTA

0z
INASRI
FRASRE
PTEXT
51

55
STARTL
WSP

FAGE 000&

0153
0142
Q000
014
0196
0072
Q062
0040
0020

147



TASIN0 TXMIRA 2.3.0 78.244 09:43:44 Q7/10/79 PAGE 0001

0001 IDT - I09300° JUNE S5, 1979

Q002 *

Q003 #  THIS MOLULE CONTAINS FORTRAN CALLABLE RQOUTINES WHICH
0004 *  PERFORM INPUT AND QUTPUT DATA TRANSFERS BETWEEN THE
000S *  TI-9%0 AND THE SDS-9200 COMPUTERS. 2 ARGUMENTS ARE
0006 # USED IN THE CALLING SEMIENCE:

Qoo7 * {1)ARG1 = STARTING ADDRESS OF THE MEMORY BLOCK
0008 # FROM WHICH TRANSMITTELD DATA I35 SENT OR WHERE

000% # RECEIVED DATA IS STORED.

0010 #* (2)ARGZ = ADDRESS OF THE NUMBER GF CONSECUTIVE
0011 * MEMORY WORDS T BE TRANSFERRED (IE. ADDR. OF THE

001z #  WORD COUNT).

Q013 s

G014 * SUBROUTINE R9300I1 RECEIVES 14 RIT INTEGER (2S5
0015 # COMPLEMENT) DATA FROM THE INTERFACE AND STORES THE
o01é * DATA IN TI-%%0 14 BIT MEMOIRY WORDS. THE INFUT DATA
o017 # IS PLACED IN THE MOST SIGNIFICANT 14 BITS OF THE

Qote # MEMORY WORD (WITH 2 LSB ZERO FILLED).

o019 »

Q020 * SUBROUTINE W%2001 TRANSMITS 14 ERIT INTEGER (2S5
0021 * COMPLEMENT) DATA TO THE INTERFACE. THE 14 MOST

Q022 % SIGNIFICANT BITS OF THE TI-9%0 WORD ARE TRANSMITTED.
0023 »*

Q024 * SUBROUTINE W300R TRANSMITS REAL DATA TO THE

0025 # INTERFACE. TI-990 FLOATING FOINT WORDS ARE SENT IN
Q02s * TWO 14 BIT TRANSFERS WITH A SUBSEGUENT LOSS OF 4 BITS
0027 # DF MAGNITUDE PRECISION, (1)13T 14 EIT TRANSFER: BIT ©
0028 # (MSB) IS THE MAGNITUDE SIGN EBIT. BITS 1-7 ARE EXFONENT
0029 # BITS IN EXCESS &4 NOTATION (BIASED BY >40), BIT: 3-132
0030 # ARE THE 6 MOST SIGNIFICANT DATA MAGNITUDE BITS., (2)2END
0031 # 14 BIT TRANSFER: BITS 0-13 ARE THE LOWER ORDER MAGNI-
0032 # TUDE BITS. THE 9300 MUST WSE THIS INFORMATION TG

0033 #  CONSTRUCT ITS OWN FLOATING FOINT WORD,.

00324 *

0035 # EXAMPLES: CALL R9300I(ISTART,10) TAKES 10 INTEGER
Q036 * WORDS FROM THE INTERFACE AND STORES THEM IN
Q037 * CONSECUTIVE MEMORY STARTING AT “ISTART".
0038 *

Q037 * CALL W9300OR(ASTART. 10 PUTS 5 CONSECU-
0040 » TIVE REAL WORDS (10 CONSEC. MEMORY WIRDS) ON
0041 * THE INTERFACE EBEGINNING AT "ASTART".

o042 *

004z *

0044 DEF R%300I READ INTEGER DATA

0045 DEF w3001 WRITE INTEGER DATA

oc4s DEF W%300R WRITE REAL DATA

0047 *

0048 *

0042 *

Q0S50 0000 0QOZ7 RPII00I DATA WSP WORKSPACE

00S1 Q002 QO2C” DATA READI

oGSz 0004 OO0~ WPI00I DATA WSP

0053 00G0Ns 00D4A“ DATA WRITEIX

0054 0008 00QC” WP3I0OR DATA WP

148



109300

0035
QOS54
007
00SE
QoS
Q&G
0041
00AZ
Q0&3
0044
0045
Q&G
Q&7
Q0462
LDOLY
0070
0071
0072
Q0732
0074
QO75
0076
QO77
Q07%
Q73
0030
Q031
o032
0053
Q0S4
00as
Q084
0057
QOss
Qe
QO%0
0091
Q092
Q0932
0074
Q095
QQR4
o7
Qo9s
[sl0 34
Q100
0101
Q102
102
Q104
0105
0104
0107
0108

000A

QQOC
0020
o2z
0024
Q24

0z
00ZE
0030

0032
[T
Q032A
0033
00ZA
QOZC
OOZE
0040
0O42
0044
0044
0048

Q04A
Q04
Q04E

Q050
0052
0054
Q0S4
D053
COSA
DOSC
QOSE
Q&0
QO&Z
0044
QOLs
OO&S

004A
[alul-Am
DOLE

Q070
0072

TXMIRA 2.3.0 78.244 09:43:44 07/10/7% FAGE 0002
006R” DATA WRITER
" ‘
WsP BSS 20 WORKSPACE RO—R?
3FFF DATA >3FFF R10 = INITIALIZE CRU TO 3FFF
FFED DATA 3FFFC R11 = MASK 14 MSE
0020 DATA 20 R12 = CRU BASE ADDR. (>20)
BSS & WORKSPACE R13-RIS
#*
% SUBROUTINE R9300I - INTEGER REAL
DSCE  READI  INCT 14 *14= ADDR. OF WORD
COTE MOV %14+, Rl = ADOR. OF WORD
COBE MOV  #14+,2 RZ = ADOR. OF WORD COUNT
* R14= CORRECT FC ADDR. FOR RTWP
conz MOV #2,3 R3 = WORD COUNT
1EOF SBZ 15 ’ ENABLE 9300
LFOF 51 TB 15 IS 300 OUTPUT READY 7
13FE JEG St ' NO» WAIT
LEOE SBZ 14 YES, ARM THE INTERFACE
754 STCR 4,14 READ THE INTERFACE
1D0E SBO 14 SEND WORD RECEIVED SIGNAL
0AZ4 SLA 4,2 LEFT JUSTIFY THE WORD
CC44 MOV 4, #1+ STORE THE WORD
0403 DEC 3 ALL WORDS RECEIVED 7
1SEY Jd3T S NO. RECEIVE ANOTHER WORD
0380 RTWP YES,» RETURN
*
#*
* SUBROUTINE W®300I - INTEGER WRITE
OSCE  WRITEI INCT 14 #14= ADDR. DOF WORD
COTE MOV #14+,1 R1 = ADDR. 0OF WORD
COBE MOV %14+,2 RZ = ADDR. OF WORD COUNT
* R14= CORRECT FC ADDR. FOR RTWP
cobz MOV #2,3 RZ = WORD COUNT
332A LOCR 10,14 INITILIZE CRU
1E0E SBZ 14 ENABLE THE 9300
c131 S5 MOV ®1+.4 R4 = 930 WORD
0924 SRL 4.2 R4 = 14 BITS FOR THE 2300
1IFOE 56 TBE 14 IS 9300 INFUT READY 7
13FE JE@ Sé NO, WAIT
1EOF SBZ 15 YES, ARM THE INTERFACE
3384 LOCR 4,14 SEND THE WORD
100F SBO 15 SEND WORD SENT SIGNAL
0603 DEC 3 ALL WORDS SENT 7
15F7 JGT S5 NO» SEND ANGTHER WORD
0330 RTWE YES, RETURN
+
*
#  SUBROUTINE WYI00R - REAL WRITE
DSCE  WRITER INCT 14 #314= ADDR. OF WIRD
CO7E MOV #14+,1 Rl = ADDR. OF WORD
COBE MOV #14+,2 R2 = ADDR. OF WORD COUNT
* Ri4= CORRECT FC ADDR. FOR RTWF
copz MOV 2,3 R = WORD COUNT
325A LOCR 10,14 INITIALIZE CRU

149



109300 TXMIRA 2,3.0 72.244 09142144 07/1Q0/79 PAGE 0002

0109 Q074 (ECE SEZ 14 ENABLE THE 2300

0110 00746 C131  S2 MOV #1+,4 R4 = 1ST WORD OF %%0 F.P.
011t 0073 C171 MOV #1+,5 RS = ZND WORD OF %90 F.P.
0112 007A C134 MOV 4,4

0112 QO7C 41 1=k SIC 11,46 R& = SAVE 2 LSE OF 15T WORD
0114 O07E El144 SoC 6.5

0115 0020 0924 SRL 4,2 R4 = 14 BITS FUR 7300 WORD 1
01146 0022 OR4S SRC 5.4 RS = 14 BITS FOR 9300 WORD 2
0117 0024 IFOE 53 TH 14 IS 9300 INPUT REARDY 7

0113 0026 13FE JEG@  S32 NO, WAIT

0119 Q0%2 1EOF SBZ 1S YES, ARM THE INTERFACE

0120 QQO3IA 3334 LDCR 4,14 SEND WORD 1

0121 002C 1DOF SBO 15 SEND WORD SENT SIGNAL

0122 ODBE IFOE 34 TE 14 IS ¢300 INPUT READY 7

0123 00%0 13FE JEQ@ 5S4 NO» WAIT

0124 00?2 1EQF SBz 15 YES, ARM THE INTERFACE
0125 0074 3232 LDCR 5,14 SEND WORD 2

0126 0094 1DOF 3B0 15 SEND WORD SENT SIGNAL

QL27 0093 0&43 DECT 3 ALL F.P. WORDS SENT 7

0128 002A 1SED JGT 32 NQ, SEND ANOTHER F.F., WORD
0129 Q0%C 0380 RTWP YES, RETURN

0130 *

0131 END
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D R?200I 0000 “ READI oozc - 81 00346 ‘82 0074
7 83 Qo34 ‘L4 Q0SE - S5 0054 -1} Q0354
D W?300I 0004 0 W?300R 0008 “ WRITEI 004A 7 WRITER 00&6A
7 WEP ulelel

0000 ERRORS
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2001
Q002
0003
0004
QQ0S
0006
0007
Q003
elele})
Q010
Qc11
Q012
0013
0014

Q015
0014

0017
0018
Q019
0020
Qoz1
0022
Q023
0024
0025
0026
0027
0028
Q029
Q030
Q031
0032
0033
0034
0035
Q034
Qo37
0038
0039
0040
0041
0042
0043
o044
Q0435
0044
Q047
0043
0049
0050
0051
00352
Q0S3
0054

[alslale]
Q002
Q04
ODO4
000
[wlalsla]
000C
O00E
0010
0012

0014

TXMIRA

o014~
00g4 4
0014~
0084~
014~
oe24~7
00147
ale:ot o
0014~
QOBE”

ok ook ok ok ok ok A Kk ok sk ok ok K Nk %k %k %k %k %k ok ko k% %k ok ok ok ok x X ¥

*
ouc

ouc
auc

2.3.0 73.244 093147344 07/10/7% PAGE 0001

IDT “OUTCAS” MAY 29,1977

THIS MODULE CONTAINS 4 FORTRAN CALLABLE ROUTINES THAT
WRITE DATA TO THE TI 733ASR CASSETTE {1 (LUND 7). A
FIFTH ROUTINE WRITES AN END OF FILE MARK ©N CASSETTE
1 (LUND 7).
4 DATA WRITE ENTRY FOINTS ARE SUPPLIED WHICH ALLOW
WRITING (1)INTEGER. (2)EXTENDELT INTEGER. (3)REAL.
AND (4)LOGICAL DATA TYPES. BINARY DATA IN MEMORY IS
FIRST CONVERTED TO HEXADECIMAL ASCII CHARACTERS (4
CHARS. FPER WORD) AND THEN QUTPUT TO THE CASSETTE
UNIT. EACH SUBRDUTINE CALL WILL GENERATE ONE RECORI.
THE USER SHOULD BE AWARE THAT A MAXIMUM OF 20 MEMORY
WORDS (30 ASCII CHARS.) MAY BE WRITTEN IN EACH
CASSETTE RECORD. TWO ARGUMENTS ARE USED WITH THE 4
DATA WRITE ROUTINES :
(1)ARG1 STARTING ADDRESS OF DATA TO BE OUTPUT.
(2)ARGZ ADDRESS OF THE NUMBER OF CONSECUTIVE
MEMORY WORDS TC BE QUTPUT (ADDR. OF
THE “WORD COUNT).
NO ARGUMENTS ARE USED WITH THE EOF WRITE ROUTINE.

EXAMPLES: CALL QUCS1I(I.2) WILL WRITE A RECORD
ON CASSETTE 1 CONTAINING THE HEX. ASCII
CHARACTER REPRESENTATION OF 3 CONSECUTIVE
MEMORY WORDS BEGINNING AT LOCATION “I“.

CALL OUCSLIR(A,2) WILL WRITE A RECORD
ON CASSETTE 1 CONTAINING THE HEX ASCII
CHARACTER REFPRESENTATION OF 4 CONSECUTIVE
REAL WORDS (3 CONSEC. MEMORY WORDS)
BEGINNING AT LOCATION “A%,

CALL ECOFC31 WILL WRITE AN ENDO OF FILE
MARK ON CASSETTE 1.
DEF OUcsS1? CS1 INTEGER QUTPUT
DEF OUCS1E - €81 EXTENDED INTEGER QUTPUT
DEF OUCSLR Cs1 REAL OUTPUT
DEF QuCSiL CS1 LOGICAL OUTPUT
DEF EOFCS1 CS1 WRITE EOF

S11 DATA WSP
DATA START1

S1E DATA WSP
DATA STARTH

S1R DATA WSP
DATA START1

oUCS1L DATA WSP

EOF

*
WSP

DATA STARTI1
CS1 DATA WSP
DATA END1

pSs 32



QUTCAS

0055
QOSs
0Os7
. 0053
QOS5
00460
006l
Q0&2
Q0L
004&4

QOLS
0044

QO&L7

Q0632
00469
Q070

Q71
Q072

Q073
0074

QQ75
0076
oa77

Qo7

Q7%
0020
0021
0032
00232

Q054

Q035
[sle:27
QOE7
Qogs
0038%
Q090

Q01
o2
0Oz
0024
00esS
(8100773

0034

DOs4
[SIR1CL:
Q02e

00sA
ooz
QO2E
000
0092
0094
0024
Q092
Qovh
QORC
00%E
QOAD
QOAZ
00A4
Q0AL
00AZ
00AA
QOALC
Q0AE
QORO
QOBZ
00OB4
00B4
QOB
O0BA
QORC

OQRE
Q0CO
oQcz
QOC4
QOC&
00CS

QoacA
OOCC
QOCE
(ele]aF ]

00DE
0oDA

TXMIRA

OSCE
CO7E
COBE

Zonz2
028!
0014
1202
0203
o014
2FEQ
00CA~
c103
DAZ4
G205
Q0247
CO2i
ZFEQ
O0D&~
CD&Q
[aInjicng
COs0
O00A~
Q&0
1BF7
cgo4
DOEA~
ZFEQ
000~
0380

ZFEQ
0OCA~
2FECQ
DOES”
O5CE
0zz0

0000
Q07

Q00
o000
0000

BUF
#*

# WRITE TO

#
START1

1

2.3.0 78.244 (¥:47:46 Q7710777 PAGE 0002

BSS 80

INCT 14
MOV #14+,1
MOV *14+,2

MOV %2, 3
cl 3720

JLE  S1
LI 2,20

XOF eCs1IC,. S
MOV 3.4

SLA 4,2

LI S, BUF

MOV %1+,0
X0P @BINASK. 1S

MOV @Wl, #5+
MOV @W2, %5+
DEC 3

JH 82

MOV 4, @NCHAR1
XOF  eQUTPL, 1S

RTWF

CASSETTE 1 (LUNO 7) — ONE RECORD

#14=ADDR. OF 15T WORD

R1 = ADDR. OF 15T WORD

R2 = ADDR. OF WORD COUNT

R14= CORRECT PC ADDR FOR RTWF
R3 = WORD COUNT

TOO MANY WORDS IN RECORD #

NO, CONTINUE
YES,SET WORD CNT TO MaAX. (20)

OFEN LUNG 7 (CS1)

R4 = WORD COUNT
R4 = CHARACTER COUNT
RS = ADDR OF CHARACTER BUFFER

MOVE ERINARY WORD TO RO
CONVERT BINARY(RO) TO ASCII

STORE ASCII(W1.W2) IN
CHARACTER BUFFER

ALL WORDS CONVERTED ?

NO, CONVERT ANGTHER WORL
YES. LOAD CHARACTER COUNT
WRITE THE RECORD ON LUNO 7

RETURN

*
# WRITE END OF FILE ON LUNO 7 (CASSETTE 1?
*

END1

*
HHAHR
#
CS1IC

*
BINASK
W1

Wz

*

XOP @CsiIC,1S
XOF @WEDF1,13

INCT 14
RTWP

XOP 15 DATA  #%a#s
DATA 0,7

BSS =&

DATA >00CQ0

DATA O
DATA O

WRITE EOF ON CS1

R14= CORRECT FC AADR FUR RTWF
RETURN

OPEN LUNO 7 (CASSETTE 1)

BINARY TO HEX ASCII
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Q097

Q072
0099
Q100

0101
0102

Qopc
O0DE
00EO
Q00E2
00E4
OQESL

O0ER
00EA
QOEC

TXMIRA

000
QBpo7
0000
0034~
0000
QQO0

eleJuln]
o007

OUTP1

NCHAR1
#*

WEQF1

2.3.0 78.244 0w:47:44

DATA 0,2>0B07,0,BUF,0Q

DATA O
DATA @, 2>0D07

BSS 8
END

07/10/79 FAGE 0003

WRITE ASCII REC., ON LUNO 7

CHARACTER COUNT

WRITE EOF ON LUNO 7



OHTRAS

” BINASK
D EOFCS1
D oucsiL
482

7 WEDF1

0000 ERRORS

TXMIRA

0004
Q0t0o
000C
00A2
QCES

LSRN . EEVERN

BUF
NCHAR1
OUCSIR
START1
WEP

" 0034

QO0E6
0008
Qog4
0014

78.244 07:47:46

Ed

D OUCSIE

s

-

cstiIc

ouTP1
Wi

Q0CA
Q004
Qonc
0oDs

07/1Q0/7%

LR = IR

END1
oucsil
=3

W2

PAGE 0004

O0BE
Q000
0094
QODA
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Tl TXDS FORTRAN F34373%B 07/13/79 (3:45: 23 OPTIONS: FAGE

0001
0002
0003
0004
0005
0004
0007
Q008
Q009
0010
Q011
o012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
(00
0027
00z8
0029
0030
0031
0032
G033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0043
0044
0047
0043
0047
0050
0051
0052
0053

158

c
c

onon

o0 O

MAIN PROGRAM (SIMULATION)

COMMON/QUT/ FLTP(3)

COMMON/ XXX/ MAXCNT.NERR. INDAT, DUTDAT

COMMON/LOGL/ CHC, CHCHAN. ESTsMLE .

COMMON/INT2/ CL1HP,CZHP,D(5,16),05(5,2,16),E1PVE2P-F (S, 13),

i GK (S5, 2,8)»JS, USTEMF > MODE. NC» NP, @{23) ; SGANS,
2 XI5, 10),X5(2,10): XY (2,3 Y (32)-YP(3)
COMMON/INT4/ ANS,ANSI.DT.GE(2),0L(2)GERE(3)GSUL(3)»
1 TJ(S).TIME, TL(3)
COMMON/REAL/ DZP(2),G2QL0O(2),RTJC,RTJS,RTJIZ,SZP(S,5)>3ZP2(5:5),
1 THRTJC, THRTJZ, ZIP (5,2}, IPS(35) ., ZP1.ZP1MAXs ZPIMIN,
2 IP2, ZP2MAX, ZP2MIN, ZIMIN

LOGICAL CHC, CHCHAN,EST.MLE

INTEGER C1HP,CZHP,D,DS,E1P,E2P,F,GKs &» 5, SGANS, Xy XS, XY- Y, YP
INTEGER#*4 AN3,ANSI.DT,GE,GL,GSGE. GSAL,MD.MS, S0, TJ, TIME, TL
INTEGER OUTDAT,CYCTIM

INTEGER I1(3)+12(3),13(3),14(3),15(3):146(3)

INTEGER I7(3),I2(4)I9(3)>I110(2)-111(3),I12(3)

DATA I1/&HNPARAM/ . 12/6H NCHAN/ . I3/¢&H CHC/. T4/6H EST/

DATA IS/6H MLE/»16/6H NLOOP/, 17/&6HCYCTIM/ > 18/12H INDEVQUTDEV/
DATA I9/6HMAXTIM/ . I110/6HNERROR/ s I11/6HIC CS1/,112/6HNWORDS/

INITIAL CONRITION DATA FROM CS1

10 CALL PRASRI{NP.0.,I1)
CALL PRASRI(NP,0,I1)
CALL INASRI{(NP,2:,I11)
CALL INCS1I( iHP)
CALL INCSIE(ANS)

CALL INCSIR(DZIP)

INPUT DATA FROM ASR

CALL INASRI(NP,1,I1)
CALL INASRI(NC:1,I2)
CALL INASRL(CHC,1,I13)
CALL INASRL (EST,1,14)
CALL INASRL(MLE.1.,IS}
CALL INASRI(NWORDS,1,I12)
CALL INASRI(N,1,I&)

CALL INASRI(CYCTIM.1,17)
CALL INASRI{INLDAT,.Z,I18)
CALL PRASRI(NF,0,I1)
NPULSE = CYCTIM*3/25
CALL TIMEON(NPULSE)

DO 200 I=%.N
READ INFUT DATA

IF(INDAT.EQ.S) CALL INCS2I(Y)
IF (INDAT.ER. 2300) CALL RP200I(Y.3)



TI TXDS FORTRAN $36873#B O7/13/79 03:45:28 OPTIONS:

0054
Q0SS5
Q056
Q057
o038
Q059
0060
0061
o062
0043
0064
Q045
onLs
Qas7
Q068
QO&%
0070
0071
0072
Q073
0074
007S
0076
Q0077
0073
2079

c

CALL PCMLE
IF(MODE.NE. 1) GO TO 100

FLTP(1) = ZIP1
FLTF(2) = ZP2
FLTP(3) = JS
FLTP(4) = TJ(1)
FLTRP{S) = TJ(2)
FLTP(&) = TJ(D)
FLTP(7) = TJ(4)
FLTR(2) = TJ(5)

C WRITE QUTPUT DATA

c

100

200

IF(QUTDAT.EQ. 7} CALL OUCSIR{(FLTF,NWORDS)
IF({OUTDAT.E®. P300) CALL WZ3COR(FLTF,NWORDS)
CALL WAIT

CONTINUE

CALL TIMEOF (MAXCNT.NERR)
IF(OUTDAT.EQ.7) CALL EOFCS1
MAXTIM = MAXCNT#25/3

CALL PRASRI(MAXTIM,1,I?)
CALL PRASRI(NERRs1,I10)

GO TQ 10

END ‘

PAGE

2
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TI TXDS FORTRAN 924273#B Q7/13/7%

COMMON BLOCK/CGUT

LOCN NAME

0000 FLTF

COMMON BLOCK/XXX

MODE

"REAL

BYTES TYFE

32 ARRAY

LOCN NAME MODE BYTES TYPE
0000 MAXCNT INTEGER#2 2 SCALAR
004 INDAT INTEGER*Z 2 SCALAR

COMMON BLOCK/LOGL

LOCN NAME

QGO0 CHC
0004 EST

COMMON BLOCK/INTZ

LOCN NAME
QO0Q ClHP
0004 D
O1E4 ELP
OIE8 F
Q30A JS
030E MODE
Q0312 NP
03C4
04268 XS
Q45E Y

COMMON BLOCK/INT4

LOCN NAME
0000
0003
0014
o02g
0048

ANS
oT
GL
GSaL
TIME

COMMON BLUCK/REAL

LOCN NAME

0000 DZP
Q01¢ RTJC
QN18 RTJZ
0050 SIPL

SGANS

MODE

LOGICAL
LOGICAL

MCDE

INTEGER#*Z
INTEGER#®2
INTEGER®*Z
INTEGER#+Z
INTEGER#*Z
INTEGER#2
INTEGER=®2
INTEGER#2
INTEGER#*Z
INTEGER%2

MGDE

INTEGER#4
INTEGER#4
INTEGER#4
INTEGER*4
INTEGER#4

MODE

REAL
REAL
REAL
REAL

00EE THRTJZ REAL

160

BYTES

2

@

BYTES

-
o~

—
[
CORRBRRKNCONISRN

)

BYTES

4
4
3
12
4

BYTES

TYPE

SCALAR
SCALAR

TYFE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
SCALAR
SCALAR
ARRAY
ARRAY

TYPE

SCALAR
SCALAR
ARRAY
ARRAY
SCALAR

TYPE

ARRAY
SCALAR
SCALAR
ARRAY
SCALAR

05435328

/ ALLOCATION 0020 BYTES

LOCN NAME

/ ALLOCATION 0002 BYTES

LOCN NAME

Q002 NERR

000& QUTDAT

LOCN

0002
Q004

LOCN

0002
QDAL
QiES
02&A
Q30C
0210
0314
03C4
04352
0464

LOCN

0004
Qo0L
Qolc
0034
004C

LOCN

0003
0014
0o1c
OCE4
VOEC

/ ALLOCATION 0008 EBYTES

NAME

CHCHAN
MLE

/ ALLOCATION 0O44A BYTES

NAME

CZHF
Ds

EZF

GK
JSTEMP
NC

=

X

Xy

YF

/ ALLOCATION 00&0 BYTES

NAME

ANSI
GE
GSRE
TJ
TL

/ ALLOCATION 0144 BYTES

NAME

GSHLO
RTJS
SZF
THRT.JC
ir

OPFTIONS:

MODE

MODE

INTEGER*2
INTEGER®Z

MODE

LOGICAL
LOGICAL

MaDE

INTEGER®Z
INTEGER#2
INTEGER®2
INTEGER*®Z
INTEGER®2
INTEGER*2
INTEGER#2
INTEGER*®2
INTEGER#2
INTEGER#*Z

MODE

INTEGER*4
INTEGER*4
INTEGER#4
INTEGER*4
INTEGER*4

MODE

REAL
REAL
REAL
REAL
REAL

BYTES

BYTES

2
2

BYTES

BYTES

2
220
2
160
2
2
176
100
i V]
&

BYTES

FAGE

TYPE

TYPE

SCALAR
SCALAR

TYPE

SCALAR
SCALAR

TYPE

SCALAR
ARRAY
SCALAR
ARRAY
SCALAR
SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

SCALAR
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

ARRAY
SCALAR
ARRAY
SCALAR
ARRAY



TI TXDS FORTRAN 934873%B 07/13/79

0114 IP3 REAL
012C ZPIMAX REAL
0134 IPZ2 REAL

013C ZIF2MIN REAL

ARRAY ALLOCATION

LOCN NAME MODE

Q030 It INTEGER®Z
003C IZ INTEGER*2Z
0042 IS INTEGER®2
0S4 17 INTEGER#2
Q0és I9 INTEGER®2
0072 It INTEGER*2

SCALAR ALLOCATION

LOCN NAME MODE
O07E NWORDS INTEGER#2
0082 CYLTIM INTEGER#Z

o0Bs I INTESER#Z

20
4
4
4

BYTES

[ v e e S e

BYTES

[N N

ARRAY

SCALAR
SCALAR
SCALAR

TYFE

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

SCALAR
SCALAR
SCALAR

00E3

08:45: 23 OFTIONS:
0128 IFP1 REAL
0130 ZFIMIN REAL
0138 IP2MAX REAL
140 ZIMIN REAL
LOCN NAME MODE
00346 Iz INTEGER#Z
0042 14 INTEGER*2
Q04E 16 INTEGER#2
0SA IR INTEGER#2
QO&C 110 INTEGER#Z2
0073 Ii2 INTEGER*2
LOCN NAME MODE
00383 N INTEGER#*Z
Q0G4 NPULSE INTEGER#Z

MAXTIM INTEGER®Z

EAN

EYTES

&
6
6
iz
&
]

BYTES

[N NN N]

PAGE

SCALAR
SoaLAR
ECALAR
SCALAR

TYFE

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

TYPE

SCALAR
SCALAR
SCALAR

4
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TI TXDS FORTRAN #3&273%B 07/13/7%

SUBPROGRAMS CALLED

NAME TYFE ARGE
PRASRI REAL b
INCS1E INTEGER#Z 1
TIMEGN REAL H
PCMLE REAL O
WAIT REAL 1]
FSRREL RUNTIME
F$R1DV RUNTIME
STATEMENT LABELS
LOCN LABEL USE

0010 10

O0F4 M=

O1EE Mé&

0106 ™%

01EZ Mi2

STATEMENT LOCATIONS
LINE LOCN LINE LOCN
3 0010 4 0010
14 Q010 15 Q010
20 Q010 21 o010
29 0034 30 Qo3C
38 0070 3% Q07C
44 QOR2 45 0oL4
S4 G106 S5 o10C
&0 0144 &1 Q168
&% O1ES 71 OlEE
77 0230 78 0zZ3C
ENTRY=0004&

FROGRAM SIZE=0334 BYTES

DATA SIZE=00%2 BYTEZ
COMPILATION COMPLETE

0 WARNINGZ

Q ERRORS

162

NAME

INAZRI
INCSIR
INC3ZI
QOUCs1R
TIMEOF
F$REVFP
FERITF

LOSN  LABE

OlEE 200
0106 ™4
O00E4 M7
QlEZ M10Q
0212 MI3

LINE LOCN

S Q010
14 0010
22 0010
21 0044
40 o032
44 (ule} i1
Sé 0114
&2 0184
73 O1FA
7% 0240

0814512 OPTIONS:
TYFE ARGS  NAME
INTEGER#Z 3 INCS1I
INTEGER#2 1 INASAL
INTEGER*Z 1 RP3001
REAL > WOB00R
REAL 2 EOFCS1
RUNT IME F$XFRE
RUNTIME F$REL
L USE LOCN LABEL
DO END 01E2 100
0106 M5
OOF4 Mg
01D6 M1l
0212 Mi4
LINE LOCN  LINE LOCN
& 0010 9 0010
17 0010 18 0010
26 0010 27  001C
35  004C 36 0058
31 0094 42  OOAO
43 O0ODE S2  OOCE4
57 0120 Sa& 012C
63 O0iA4 &7  01C2
74 0204 75 0212

PAGE 5

TYFE ARGS
INTEGER®*2 1
INTEGER#2 3
REAL 2
REAL 2
REAL 0
RUNTIME
RUNTIME
USE

LINE LOCN

i1 o010

19 Q10
- 28 0028

37 0064

43 QOAC

53 00F4

= 01328

43 01D6

7& 0224
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$MALN

0001
Q002
0002
@004
00035
0004
0007
QO3
000%
Q010
0011
0012
0013
0014
0015
001é
0017
0013
001%
0020

. 0021

164

Q022
0023
0024
0025
0026
0027
0028
0029
Q030
0031
0032
0033
Q034
0035
ofaxc])
0037
0038
Q039
0040
0041
Q042
0043
Q44
0045
Q00446
0047
048
0049
0050
0051
Q052
0053
0054

[alels]a]
0000
QUZ0
Q000
GOO0
0002
0004
0004
[evlo}=]
D000
0000
0002
Q004
00046
000
0000
QOO0
0002
o004
00A4
ClE4
O1ES
QlES
026A
Q304
0300
[elclal
0310
0312
0314
o304
03Cs
0424
0452
CG45E
04464
046A

TXMIRA

FLTF

MAXCNT
NERR
INDAT
OUTDAT

CHC
CHCHAN
EST
MLE

CiHP
C2HP
D

Ds
EiP
E2P
F

GK
Js
JSTEMP
MODE
NC
NP

@
SGANS

XS
Xy

YP

2.2.0 78.244 10:06233

IDT
DEF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF .
CSEG
BSS
CEND
CSEG
ESS
BSS
BSS
BSS
CEND
CSEG
BSS
BSS
BSS
BSS
CEND
CSEG
BSS
BSS
BSS
B3S
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
BSS
CEND

“$MAIN
$MAIN
PRASRI
INASRI
INCS1I
INCS1E
INCE1R
INASRL
TIMECON
INCSZI
RY300I
FCHMLE
QUCS1R
WZ300R
WAIT
TIMECGF
EOFCSL
QUT -
2z

“RXX -

“LOG

~
-
4
-
L]

RNNNE NN R
. .

Q7/10/7%

PAGE 0001



SMAIN

0055
0054
0057
0053
00S%
QO&0
00461
0062
0063
00464
00465
Q064
Q0&7
Q0&E
00&%
0070
0071
0072
0073
0074
0073
0074
0077
Q073
Q079
QO30
0081
0022
003z
. 0054
0025
(10127
ooa7
00sg
rlel=1y
00%0
0021
Q092
0073
0094
0095
0096
0097
0093
009y
Q100
0101
al102
0103
0104
0105
01046
0107
0108

0000
0000
0004
000
Q0oC
0014
oo1c
Q0023
Q024
Q043
004C
0040
Q000
0000
odos
Q01L0
0014
0013
0oi1C
0080
00E4
GOES
OOEC
0114
o122
o1zc
0130
0134
0133
013
0140
0144
Q000
0000
0030
00346
003C
0042
0043
0C4E
0054
QOSA
Q044
Qosc
0072
Q073
O07E
QO30
o082
0Gs4
et}
Qo2
003A

TXMIRA

ANS
ANSI
DT
GE
Gl
GSGE
5SaL
TJ
TIME
TL

DZpP
GSaLo
RTJC
RTJS
RTJZ
SIP
SZP2
THRTJC
THRTJZ
P

Prs
P!
ZP1MAX
ZP1IMIN
P2
IPZMAX
ZPZMIN
Z1MIN

$DATA
I1

12

I3

I4

15

16

17

13

19

I10
It1
112
NWORDS
N
CYCTIM
NPULSE
I
MAXTIM

2.3.0 78.244 102046333 07/10/79 FAGE 0002

CSEG “INT4 ~
BSS
BSS
BSS
BS3
BSS
BSS 12

BSS 12

Bss - 20 .
EBSS 4

BSS 20

CEND

CSEG “REAL ~

BSS 2

BSS g

BSS 4

BSS 4

BSS 4

BSS 100

BSS 100

BSS 4

BSS 4

BSS 40

ESS 20

BSS

BSS

BSS

BSS

B33

BSS

B3E

CEND
DSEG

BSS 4
BSS

BSS

BSS

BSS

BSS

BSS

BSS

B3S 1
BSS

BSS

Bss

BES

BS3

BSS

BSS

BSS

BSS

BES

DEND

REF F$RREL
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$MAIN

o10%
0110
0111
o112
0113
0114
0115
0t1s
0117

Q118
0119
0120
0121
0122
0123
0124
0125
0126
0127

. 0128

0129
0130
0131
0132
0133

0134

0135
G136
0137
0138
0139
0140
0141
0142
0143
0144
01435
0144
0147
0148
014¢%
0150
0151

0152

166

0153
0154
0155
Q156
0157
o158
015%
01460
0161

Q000
000
QOoz

0004
0006

00046
Q00S
O00A

0084
0030
0030
0032
0034
Q0346
QO34
Q036
0034
0038
002A
003C
0OZC
Q03C
003C
003E
00490
0042
0042
Q042
0042
0044
0044

2.3.0 73.244 10:06£:33 Q7/10/79 PAGE 0003

F$RREL

SOATA
SMAIN+>0Q04
F$REVP
F$REVP
20006
F$XFPRE
eF$XPRE

“$MAIN -

0001 C MAIN PROGRAM (SIMULATION)

TXMIRA
LOAD
$MAIN PSEG
oQoo" DATA
00086~ DATA
REF
Q00 DATA
RORG
REF
Q&AD EBL
0Qoo
24 TEXT
»
#* 0002 C
#* 0003
* 0004
* 0005
# 0006
* 0007
# 0003
* 0009
#0010
# 0011
* 0012
# 0013
* 0014 -
# 0015
* 0014
* 0017
*# 0018
# Q019
*# 0020
DSEG
RORG
4ESO DATA
4152 DATA
4140 DATA
DEND
DSEG
RORG
204E DATA
4343 DATA
A414E DATA
g DEND
DSEG
RORG
2020 DATA
2043 DATA
4843 DATA
DEND
DSEG
RORG
2020 DATA
2045 DATA
5354 DATA

COMMON/QUT/ FLTP(3)

COMMON /XXX/ MAXCNT,NERR, INDAT,OUTDAT
COMMON/LOGL./ CHC, CHCHAN,EST.MLE

COMMON/INTZ/ CLHP,C2ZHPsD(S5,16),D35(5,2,14),E1P,E

1 : GK(5,2:8),JS, JSTEMP, MODE, NC,» NP, 2(8&
2 X{T:10)sXS(2+10)+ XY (223> ¥ (3. YP(3
COMMON/ INT4/ ANS,ANSI.DT.GE(2),GL(2),0SAE(3),0658
1 TJS), TIME, TL(S)
COMMON/REAL/ DIP(2),G3QL0(2),RTJC,RTJS,RTJZ,S2ZF
i THRTJC, THRTJZ, ZP (S, 2), ZPS{(3), IP1, 2
2 IP2, IP2ZMAX ., ZP2MIN, Z1IMIN

LOGICAL CHC,CHCHAN,EST.MLE

INTEGER C1HP,CZHP,D:DS,ELIPVE2PsF, 06K, Qs Ss S6ANS, X
INTEGER#4 ANS,ANSI,DT.GE, 6L, GSRE. GS6L, MD, MS, 50,
INTEGER OUTDAT.CYCTIM

INTEGER I1(3),12(3),I3(3),14(3),1I5(3),16(3)
INTEGER I7(3),13(&6),I9(3),110(3),111(3),112(3)
DATA I1/6HNPARAM/ . I2/6H NCHAN/ ,» I3/&H CHC/, 14/

48

>4E50
>4132
>4140D

54

>204E
24343
>414E

&0

>2020
22043
>4843

66

22020
22045
>5354



EMAIN

0162
0143
0144
0145
0146
0147
01682
0149
0170
0171
0172
Q173
0174
QL7S
0176
0177
0175
a17%
0180
Q1st
0132
0133
0124
0135
01384
o187
o13a
0189
0190
0194
o192
0123
0194
0195
01946
Q197
0198
0152
0200
0201
0202
0203
0204
L0205
206
az07
0203
Qz09
0210
0211
o212
0213
0214
0215

0048

0043
oG48
DO4s
0044
0045
CQO4E
QO4E
QQ4E
0O04E
0050
OS2
0054
0054
o054
00354
QOS54
0053
Q0SA
Q0%A
Q05A
00%A
QosC
QOSE
0040
o0&2
00464
C0b6é&

00&4
00s&
0046
0063
004A
Qo4c
004C
0040
D0&C
Q064E
0070
0072
0072
0072
0072
Q074
00746
QO7S
0078
00738
0078
007A
QO7C
007E

TXMIRA

2020
2040
4C45

204E
4CAF
4F50

4359
4354
494D

204%
4E44
4556
4F55
5444
4556

4041
58354

474D

4E45
D252
4FS2

4343
2043
5331

4ES7
4F52
4453

* 0021

* 0022

2.3.0 78.244 10:06:33 07/10/7% FAGE 0004

DEND

DSEG
RORG
DATA
DATA
DATA
DEND
DSEG
RORG
DATA
DATA
DATA
DEND
DSEG
RGRG
DATA
DATA
DATA
DEND
DSEG
RORG
DATA
DATA
DATA
DATA
DATA
DATA
DEND

DSEG
RORG
DATA
DATA
DATA
DEND
DSEG
RORG
DATA
DATA
DATA
DEND
DSEG
RORG
DATA
DATA
DATA
DEND
DSEG
RORG
DATA
DATA
DATA
DEND

DATA

72

>2020
>2040
>4C45

78

>204E
>4C4F
>4F30

84

>4359
>4354
>494D

20

22049
>4E44
>4356
>4F35
»>5444
245546

DATA

102

>A041
>5854
>4940

103

>4E4S
>5252
>4FS2

114

>4943
>2043
>2331

120

>4ES7
>4FS2
244353

IS/76H MLE/.T&/6H NLOOF/, I7/&6HCYCTIM/ . I3/

19/6HMAXTIM/ - 110/6HNERROR/, [11 /6HIC CS1/,1
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$MAIN

168

0216
o217
0218
0z1¥
0220
o221
0222

0223
Q224
0225 .
0226
0227
0z2g

0229
0230
0231
0232

. 0233

0234

0235
02346
0237
0238
0239
0240

0241
0242

0243

0244

0245
0244
0247
0248

0249
0250
0251
0252
0253
0254
0255

02546

0257
0258
0259
02460
0241

0010

0010
0012
0014
a0ls
0012
001A

[alu] A
QO1E
Q020
0022
0024
0024

00238
002A
ooz2C
0OZE
0030
0032

0024
0036
Q033
003A

003C
Q03E
0040
0042

0044
0044
0043
004A

a0aC
004E
Q050
0052
Q054
0036

0053
Q05A

TXMIRA 2.3.0 73.244 10:0&:33 07/10/79
* 0023 C
# 0024 € INITIAL CONDITION DATA FROM CS1
* 0025 C
* 0026 10 CALL FRASRI(NP,Q,I1)
RORG >0010
0010” %10 EQU %
0420 BLWP @PRASRI
0000 .
0003 DATA 3
0312+ DATA NP
0244~ DATA I3
o030 DATA 11
* 0027 CALL PRASRI{NP.0,I1)
0420 BLWP ePRASRI
0012~
QOO3I DATA 3
0312+ DATA NP
02447 DATA 1%3
oo30" DATA I1
# 0028 CALL INASRI(NP,1,I11)
0420 BELWP @INASRI
0000
0003 DATA 3
0312+ DATA NP
0244~ DATA Is4
0072" DATA Il1l
* 002% CALL INCS1I(C1HP)
0420 BLWP RINCSII
0000
001 DATA &
0000+ DATA C1HP
*+ Q030 CALL INCS1E(ANS)
0420 BLWP @INCSIE
0000
0001 DATA 1
0000+ . DATA ANS -
* 0031 CALL INCS1R(DZP)
0420 BLWP @INCSLIR
0000 o,
0001 DATA 1
0000+ DATA DZP
# 0032 C )
# 0033 C INPUT DATA FROM ASR
# 00382 C -
* 0035 CALL INASRI(NP,1,I1)
0420 BLWP @INASRI
0024 ,
0003 DATA 3
0312+ DATA NP
0244~ DATA I%4
0030" DATA It
* 0036 CALL INASRI(NC,1,I12)
0420 BLWP @INASRI ’
QQ4E~

FAGE 0Q03



$MAIN

02462
02632
0264
0245
Q264
0267

02683
0267
Q270
0271
Q272
0273

0274
0275
0276
0277
0278
0279

0280
0281
ozaz
0223
0284
0285

0286
0287
0283
0289
0250

0291

0292
0293
0254
0295
0294
0297

0292
Q293
0300
0301
0302
0303

0304
0305
0304
0307
0308

QuSl
00SE
0060
Q&2

0044
0064
003
DOLA
QO&C
O04E

0070
0072
0074
0076
0078
0074

QQ7¢
007E
00S0
0022
0034
00&4

0038
00&A
00&C
OQSE
0020
0032

00¥4
0096
0093
0094
00%C
00%E

00AD
00A2
D0A4
00A4L
Q0AZ
QG0AA

QOAL
QOAE
00ED
ooB2
QOE4
00Bs

TXMIRA

0002

0210+
02447
o036"

0420
Q000
Q003
Q000+
024487
0o2Cc"

0420
0064~
0003
D004+
024467
angz"

0420
00727
0003
00046+
02447
ooaa"

0420
CGOSA”
o0o0N3
QO7E"
02447
QO73"

0420
002A~
0003
ooz0"
02447
Q04"

0420
COe”
0003
oo
02446~
Q054"

Q420
Q00A27
[alu]ec]
0004+
02437
005A"

0037

Qozs

0039

0040

o041

004z

0043

0044

2.3.0 78.244 10:06:33

DATA
DATA
DATA
DATA

ELWP

DATA
DATA
DATA
DATA

BLWF

DATA
DATA
DATA
DATA

ELWP

DATA
DATA
DATA
DATA

BLWP

DATA
DATA
DATA
DATA

BLUWP

DATA
DATA
DATA
DATA

BLWP

DATA
DATA
DATA
DATA

BLWP

DATA
DATA
DATA
DATA

2

NC

134

Iz

CALL INASRL(CHC,1.,I3)
@INASRL

3.
CHC
I1%4
I3
CALL INASRL(EST,1.14)
@INASRL

2

EST

134

I4

CALL INASRL (MLE.1,1I35)
@INASRL

3

MLE

14

IS

CALL INASRI(NWORDS.1,I12)
@INASRI

3

NWORDS

I$4

112

CALL INASRI(N,1,I16)
@INASRI

3

N
1%4
14 :
CALL INASRI{(CYCTIM.1,17)
@INASRI

3
CYCTIM
1%4
17
CALL INASRI(INDAT,2.18)
€INASRI

3

INDAT

Is2

ig

CALL PRASRI(NP,0,1I1)

07/ 077

FAGE 0004

169



170

QOB2
00BA
OOBC
OOBE
QOCO
Q0C2

QoC4
00C&
ooce
COCA

0OCC
0QCE
oono
ooD2
Qo004

00Dé&
oon3
00DA
oonc

00DE
00EQ
O0E2

Q0E4
Q0E4
OOED
00EA
OQEC
QOEE
Q0F O
00F2

QOF4
00F&
Q0F3
00FA
QOFC
OCGFE
0100
G102
0104

TXMIRA

0420
DO1E”
Q003
0212+
02447
0030

€20
Qa2
820
02447

06A0
0000
0zZ4C”
ceol
0084"

0420
Q000
0001
aos4"

caz0

02448”
o0as"
OOE4”

8320
0004+
024E~
1604
0420
0000
0001
Q45+
OOF 4~
QOF 4~
Q0F4~“

a&20
G004+
0250~
15605
0420
G000
0002
045E+
0Z4A~
0106~

* 0045

* 004&

* 0047
* 0048

M$7

* 0049
* 0050
# 0051
* 0052

M$3
M$&
M$&
*+ 00353

Msd

2.3.0 78.244 10:06:233 07/10/7%

BLWP @PRASRI

DATA 3
DATA NP
DATA I%3
DATA 11

NPULSE = CYCTIM#3/25
MOV @CYCTIM, O

MPY @I%5,0

REF F$R1DV
BL eFsrRiDV

DATA I%4
MOV 1, @NPULSE

CALL TIMEON(NFULSE)
BLWP @TIMEON

DATA 1
DATA NPULSE
c ,
DO 200 I=1,N
MOV eIs$4,elI

EQU $

c

C READ INPUT DATA
c

IF(INDAT.EG.8} CALL INCS2I(Y)
c @INDAT.21%7 :

JNE  M$9
BLWP @INCS2I

DATA
LATA
EQU
EQU
EGQU Ms3

IFCINDAT.EQ.9300) CALL R?300I(Y,3)
c @INDAT.LI$3

L

JNE  M$11
BLWP @R%3001

DATA 2
DATA Y
DATA 135
EQU %

PAGE 0007



SMAIN

0247
Q3B0
0351
0352

Q353

0354
0333

0354
0357
0352

Q339

Q340
0361

0262

03463
0344
Q3¢S
0344
Q267
0368
03469
0370
0371

0372
0373

Q374
0375

374
0377
0373
0379
elci=1]

0381

010&
0162
010A

oioc
O10E
0f10
0112

0114
0114
D11
O11A
011C
O11E

o129
0122
0124
01Zz6
o123
012A

012C
01ZE
0130
0132
0134
o134

U132
013A
013C
O13E
0140
0142
0144
0144
0148

0144
014C
014E
Q1SC
01352
0154
0154
0158
015A

TXMIRA

0104&"
0106~

0420
0000
GOOO

520
O30E+
azas”
166A

caz2o
0128+
Q000+
ce20
012A+
0002+

cE20
0134+
Q004+
Cez20

M$10
Msll
* 0054

#* 0055

* 0056

* 0057

0136+

00046+

0420
Q000
GCAQ
D3I0A+
ODEQ
0003+

QCOE
0420
0000
Q034+
0420
Q12E~
0Cos
QDED
000C+

QCOE
o202
0004
Q222
0034+
cgo2
OO7E"
0420
013C~

# 005&

* Q059

EGiLS
Equ

ELWP
DATA

c

JNE

MoV

MOV

MOV

MOV

REF
BLWP

CIR
STR
REF
XIT
BLWP

DATA

BLWP

% 0060

CER
STR

XIT
LI
Al
MOV
BLWP

2.3.0 78.244 10:046:33

$ \

M$10

CALL FCMLE
€FCMLE

Q

IF(MODE.NE. 1) GO TO 100
eMODE, @I%4

M$13
FLTP(1) = ZIP1
@IF1,@FLTP

RZP1+2,@FLTF+Z

FLTP(2) = ZIP2
@IPZ,BFLTP+4

@IP2+2, @FLTP+4+2

FLTP(3)
F$RITP
@FsRITP

JS

eJs

CFLTP+3

FLTP(4)
F$REL

TJ(1)

@F$REL

TJ

@F$RITP

BFLTP+12
FLTP(S) = TJ(2)
2,4

2:TJd

2,@8T¢+0

@F$REL

07/10/7%

FAGE 0003
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$MAIN

172

0332
0383

ecizl)
0335

q32é
0337
03238
035%
0390
03%1

0392
0393

0394
0395

Q326
0397
elci-]
0399

Q400

0401

Q402
0403

0404
04035

0404
0407
0405
0409
0410
0411

0412
0413

0414
0415

0150
015K
0140
Q142
0144
0144

01562
014A
0148
014E
0170
Q172
0174
017&
0178
017A
017C
017
0Lz
0152
0184

0186
G133
0124
olsC
O13E
0190
0192
0194
0196
0198
019A
oi%C
QL1%E
Q1AQ
01A2

0iA4
01AL
01AS
CLAA
Q1AC
01AE
0180
01B2
01B4
01Bs
olpe
Q1RA
Q1BC
O1BE
Q1C0

TXMIRA

007F"
0420
0l14z”
0C06
QDEO
0010+

OCOE
QZ02
0002
0222
0034+
caQe
0o3o"
0420
015A~
oogLe
0420
01407
oCos
ODEO
0014+

QOCOE
0zZo2
Q00T
QZ22
D034+
cRoz -
0032
0420
0173~
Qo33
0420
017E~
QCO&
ODEQ
0013+

OCOE
202
0010
0zZ22
0024+
ceoz2
ooz
042C
0196~
Qoss"
0420
Q190
QCO4&
ODEO
COl1C+

#+ 0061

* 0062

* 0063

2.3.0 79.244 10:046:33

DATA
ELWP

CER
STR
XIT
LI
Al
MoV
BLWF

DATA
BLWF

CER
STR
XIT
LI
Al
MOV
BLWP

DATA
BLWP

CER
5TR
XIT
(194
Al
MOV
BLWP

DATA
BLWP

CER
STR

Té+0+1
@FSRITF
@FLTP+16

FLTP(&) = TJ(3)
2,8

2,Td

2:8TH+2

eF$REL

T$+2+1

@F$RITP
@FLTP+20

FLTP(7) = TJ(4)
2,12

2,TJd

2:@T$+4

@F$REL
T$+4+i

@F$RITP
@FLTP+24

FLTP(8) = TJ(5)
2,16

2, Td

2,8T$+&

@F$REL

Te+b+1

GFSRITP

EFLTP+23

PAGE 0009



SMAIN

041646
0417
041
0419
0420
0421

0422
0423

0424
0425
0426
0427
0428
0429
0430
0431

0432
0433

0434
0435
0436
0437
0438
043%
0440
0441
0442
0443
0444

0445
0446
0447
0443
0449

0450

0451
0452
0453
0454

0455
0456
0457
. 04538

01CZ
olc4
01Cé
oice
0iCA
oLcL
O1iCE
o1po
oip2
olin4

01D&
alpe
©1DA
QLnC
O1DE
Q1EOQ
O1EZ
01E4
OlEé&

OLE3
O1EA
O1EC

O1lEE

OLFQ ¢

O1F2
01F4
01Fé
01F3

O1FA
Q1FC
Q1FE
0200
Qz02

TXMIRA

OCOE
2820
0006+
0252~
1605
Q420
0000
Qo02
0000+
OQ7E™
01Ds6~
o1&~
Q1067

2820
GQOL+
02507
14635
0420
[alulsle)
0002
QOO0+
QO7E"
01E8~
OlE3~
01Eg~

O1ES~
O1ES&~
01ES~
0420
alele e}
0000

0420
alelele
Q002
QOO0+
0002+

* 0064
#* 0065
# 0064
* 00467

M$5
M$14
M$15
* 0068

M$s
M$1é
M$17
# 00469
$100
M$12
M%E13

* Q070
# 0071
$200

* 0072
* 0073

* 0074

2.3.0 78.244 $10:06:33 07/1Q/72 FAGE 0010
c
C° WRITE OUTPUT DATA
c
IF(OUTDAT.EQ.7) CALL QUCSIR(FLTP,NWORDS)
XIT

[n¢ COUTDAT, @I$%

JNE M$15
BLWFP eDUCSIR

DATA 2
DATA FLTP
DATA NWORDS
EqU ¢
EQU %
EQl M$14
IF(QUTDAT.ER.9300) CALL W9300R(FLTP,NWORDS)
c QOUTDAT. @IS

JNE M$17
BLWP @WY300R

DATA 2

DATA FLTP
DATA NWORLDS
EQU ¢

EQU %

EqQu  M$1s

100 CALL WAIT

EQU

EQU $

EQU M$12
BLWFP @WAIT

DATA O
c
200 CONTINUE
EQU ¢
INC el

c eI.eN

JLE M319
c

CALL TIMEOF (MAXCNT.NERR)
BLWF @TIMEDF

DATA 2
DATA MAXCNT
DATA NERR
IF(QUTDAT.ER. 7} CALL EOFCSI

173



SMAIN

0459

0440
0441

Q462
0443
0444
0445
0466
0447

0463
04469

Q470
0471

0472
0473

0474

174

0475
047&
0477
0473
0479

0480
0481
0432
0433
0434
0435
0484

0487
0488
0489

0490
0491
0492
0493
0494
0495
0426
0497
0498
0499
0500
0501

0204
D204
0202
020A
Q20C
02Z0E
0210

0212
o214
0214
0218
0Z1A
oz1cC
021E
0220
0222

0224
0226
0223
0Z2A
022¢C
0Z22E

0230
0232
0234
0236
02232

0234

023C
02Z3E

0z40
0242
0244
0244
0248
024n
024
024E
a0
0232
QQ7E
QO7E
00246

TXMIRA

2820
GO0L+
Qz52”
1403
0420
0000
0000
02127
02127
oz1z2”

Cozo
0000+
3820
024C~
0&A0
OOCE~
QZ4R"
2801
0088"

0420
OOBA”
0003
ooga"
02447
Q046"

0420
022467
0003
0002+
Q2447
oQ&c

023C~7
04460
0010~

0240~
0460
Q0E4~
0000
0001
Q02
0003
QO1%
0003
2454
0007

M3$13
M$20
M$21
* Q075

* 0074

* 0077

# 0078
M$22

* 0079
M$19

I$2
Is4
I%2
I35
I%é
Is7
Is3
I¢9

TS

JNE
BLWP

DATA
Equ
EQU
£Qu

MOV
MPY
BL

DATA
MoV

BLWP

DATA
DATA
DATA
DATA

BLWP

DATA
DATA
DATA
DATA

EQU

EQU

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DSEG
BSS

DEND
END

2.3.0 72.244 10:06133 07/10/79

@OUTDAT, eI$?

M$21
@EQOFCSt

o]

$

]

M$20

MAXTIM = MAXCNT#25/3
BMAXCNT, O

@1%6.0
eF$R1DV

145
1.8MAXTIM

CALL PRASRI (MAXTIM.1,I9)
@PRASRI :

3

MAXTIM

14

I?

CALL PRASRI(NERR.1.I10)
@PRASRI

3

NERR

Is4

110

GO TO 10
$

e$10

END
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LT

$10
$MAIN
C2ZHP
4]

ELP
F

FSRITP
GE
GSEL
I3
1$7

" 110

n 13

" I7
INASRL
INCS2I
M$10
M$14
M$13
M$22
M$s
MAXCNT

Lvnd M+ +++ 0

4+ v vy v aMm

N

‘NPULSE
PCMLE
RTJC
SZP
THRTJZ
TJ
X

YP
ZIP1MAX
IP2MIN

++4+ 4+ +4++M

0000 ERRORS

TXMIRA

0010
QOQO0
0002
0004
O1E4
O1ES
O1BA
00QC
0023
0244
O24E
00&C
003C
0054
007E
QOEE
0106
L0
0212
023C
DI1ES
0000
00&0
0024
01038
Q010
ooic
QUES
0034
03Cée
04564
012C
013C

vt MM+ 4+ +

x4

R EREEEEY

$100
ANS
CHC

ns

EZP
F$R1DV
F$RREL
GK
GSRLO
I%4
1$8
I1t

14

I
INCE1E
INDAT
M$11
M$15
M$19
M$3
M$7
MAXTIM
NC
NWORDS
PRASRI
RTJS
SIPZ2
TIME
TL

Xs
Z1MIN
ZPIMIN
ZPs

" O1lE8

0000
Q00
O0AS
O1Eé&
azic
0000
Q26A
0003
0z46
250
QO72
0042
005A
003E
0004
0104
01D6
0240
Q0F4
QOE4
Q038
0310
QO7E
0232
0014
Q080
0048
004C
C42A
0140
Q130
0114

758.244 10:046333

+ 4+ M+ + v v v v s 4+mM v MMM 4+ o+

++ +mMmMm

$200
ANST
CHCHAN
DT
EQFCS1
FSREL
F$XFRE
GL

I

I$S
Is9
I12

I35

Ie
INCSI1I
JS
M$12
ME16
M$20
M$4
M$3
MLE
NERR
QUCSLIR
G

RTJZ
T$
TIMEGF
WP300R
XY

ZP

P2

O1EE
0004
0002
000S
Q20E
01EB4
0002
Qo114
0036
G24A
0252
0078
0042
Q0&s
0034
O30A
OlES
01ES
0212
01046
Q0F4
0006
0002
QICE
0314
0018
007E
OlFC
01EQ
0452
ODEC
0134

07/10/7%

DN Ul !

++EMmMA + M+ o+

$DATA
C1HP
CYCTIM
DzZF
E3T
F$REVF
FLTP
GSOE
I$2

g 133

I1

12

I&
INASRI
INCELR
JSTEMP
M$13
ME17
M$21
M35
M$?
MODE
NF
GUTDAT
R%2001
SGANS
THRT.JC
TIMEON
WAIT

Y

Pl
ZPZMAX

FPAGE QO12

QQ00
[s]e]uls]
o0s2
QOO0
Q004
Q004
QOO0
colc
V24E
0240
Q030
0036
QOQ4E
QOAE
Q044
Q300
Q1EZ
OlES
0212
oins
00F4
030E
0312
[alulul
QOFE
QzC4
OLE4
Qons
D1EA
045E
012s
0138
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TXSLNK

COMMAND t.IST

NOQSYMT
FORT

TASK
INCL
INCL
INCL
INCL
INCL
INCL
INCL
INCL
INCL
INCL
INCL
FIND
END

OSCZ: CLOCKS/0R
DSC2: INPCAS/0BY
OSC2: 109300/0BJ
psc2: I0ASR/0BJ
necz:MD/ORJ
OSC2: M5 /0B
DSC2: GUTCAS /0B
DEC2:S/0Bd
BSC2:5D/0BJ
tTXLOBJ/LIE

2.3.0 78.244

PAGE

1



TXSLNK 2.3.0 78.244
LINK MAP

CONTROL FILE = DSC2:LINK/
LINKED OUTPUT FILE = CS1
‘LIST FILE = LP

QUTPUT FORMAT = ASCII
LIBRARIES

NO ORGANIZATION PATHNAME

1 SEQUENTIAL

1 TXLOBJ/LIE

O7/15/7%9

1121539

PAGE

2
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TXSLNK

PHASE 0,

MDDULE

$MAIN
$DATA
PCMLE
$DATA
FILT
$sDATA
SENS
$DATA
ACUM
sDATA
FH
$DATA
CyCl1
$DATA
(o4 Jov]
$DATA
CYCc3
$DATA
cYcs
$DATA
CYcs
$DATA
CLOCKS
INPCAS
109300
IDASR
MD
$DATA
MS
$DATA
QUTCAS
S
$DATA
SD
$DATA
F$XPRE
$DATA
FEREVP
DFTLRL
F$RCGO
F$RGMY
F$RAER
F$RITP
FSFITP
F$RITE
IBIT
F$XREL,
F$FLT
F$FASR
FS$FIX
EXINT
FS$RWSP
$DATA

FGRT

NO

MO RNNECAAND bW Wh b=

DRIGIN

ORIGIN

alea]e}
20C0
0254
3ES2
0362
3E84
0ADZ2
SFDA
15DE
40DC
1802
41C0
1C10
4214
103E
4264
1EFQ
42B6
20EC
4304
2204
43462
2ZB4
236A
24%E
2353C
260E
4392
2728
43B2
27B2
28A&
43F4
28F2
4414
295C
4454
30C4
30D0
3142
3174
31F2
3234
3244
3414
2424
3532
3852
J5F&
IPSE
3A24
SRS
442A

2.3.0 78,244

0000 LENGTH = 4FD&

LENGTH

0254
Q092
010E
0032
0770
0156
OBOC
0102
0524
COE4
CQLCE
0054
QL2E
Q052
01B2
0050
01FC
GO4E
0118
QOSE
Q0BQ
0030
Q0B&
0134
00%E
01A2
0044
0020
0024
Q042
00F 4
004cC
0020
004A
0042
0768
01p4
000C
0072
0032
OC7E
0041
0010
o1D2
O0&E
O0B4
00LA
QOA4
03260
QO
0172
Qa00
QOFL

QO7/135/73

TYPE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLULE
INCLUDE
INCLUDE’

INCLUDE
INCLUDE

INCLUDE
SEARCH, 1

SEARCH, 1
SEARCH, {
SEARCH. 1
SEARCH, 1
SEARCH, 1
SEARCH, {
SEARCH, 1
SEARCH, 1
SEARCH, 1
SEARCH., 1

SEARCH, 1

SEARCH.,
SEARCH, 1
SEARCH, 1
SEARCH, 1

11:13:39

ENTRY=0000
DATE TIME
07/13/7%  08:45:28
C1/00/00  00:15:06
01/00/00 001 15:0&
a1/00/00  00:135:06
01/00/00  00:15:06
01/00/00 001 15:06
01/00/00  00:1S:0&
01/00/00  00:115:06
01/00/00  00:15:06
01/00/00 00:15:06
01/700/00 00215104
GL/D1700 00:38:57
01/01/00 00:20:40
01/01/00 00137100
04/18/7% 1013331546
07/10/79 09136323
07/13/7% 11:355:33
01/01/00 00:19:01
07/10/7%  09:133:32
07/13/79 11:56342
10/26/78  01:140:40
10/25/79  23:22:31
10/26/78  00t30:54
10/25/78  23:1346:35
10/25/78 23:41:34
10/25/78  22:135:42
10/25/78 23143128
10/25/78  23:26151
10/25/73 23142140
10/25/78  23:47:18
10/25/78  23:456:03
10/25/78 23133130
10/25/73 23130:08
LO/25/78 23:132:54
10/25/78  23:13:41
10/25/78 23122:54

FAGE 3

CREATOR
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN
TXFTN

XMIRA
XMIRA
XMIRA
XMIRA
XMIRA

XMIRA

XMIRA
XMIRA

XMIRA
SDSLNK

SDSLNK
SDSLNK
SDSLNK
SDILNK
SDSLNK
SDSLNK
SDSLNK
SDSLNK
SDSLNK
SDSLNK
SDSULNK
SDELNK
SOSLNE
SDSLNK
SDSLNK



TXSLNK
MODULE

INTGR
FSERRC
F$XERR
F$XTBLTX
$DATA
FEXFTLTX
F$RBLF
SDATA
FEXRST

COMMON

auT
XXX
LOGL
INT2
INT4
REAL

NAME

SMAIN
*ASBTCA
*ASEFRE

ASXFTL

Cyea

EQOFCS1
*FS$ERST

F$ILOG
*F$PREB

F$R1DV
#FSR5DV
*F$RIDV

F$RCGO

FS$REL
*FERESR

FS$RGMY

F$RISH
*FS$RLP2

FERSTS

FSRWRK
*FSXBCS

F$XCDI

F$XCIR

F$XDR
*#FEXLOG

F3XNGR
*FEXSAL
*FEASTL

F$XTEBE
*EEXVCC
*F$XVFB

NG

37
23
9
40
20
41

42

43

NO

11
11
11
11

VALUE

Q000
O11E»
0124
0150#
iEFOQ
27C2
3CFC
45A0
0002%
3BAO
SEC3
3BFO
3142
3A26
3B1E
3174
3484
O14A+
29BC
4433
010A%
39SE
3552
2800
2E7C
2544
O111»
O1QE*
4704
OOFBE
ZC4C

2.3.0 78.244

ORIGIN  LENGTH
3B98 00DA
3072 013C
ZDAE Q00A
3083 0000
4726 OLEOD
3DE3 0005
3DBE 0000
4906 COve
30BE 0002

ORIGIN  LENGTH
499a 0020
a98A 0008
a9c2 0008
49CA 046A
4E34 0060
AE94 0144

DEF

NO  NAME  VALUE

1 #ASBBUF 0126#

21 +ASBWK1 4454

21 ASERRC Q14C*

21 ACUM 1SDE

2 CYC4  20EC

18 *FS$ASAD 0OD6#

38  *F$FCBE O00A*

21 #FSLSTA 0001

21 #FSRODV 3B9S

37  *FSR2DV  3BAA

37 #F$R&DV  3BD2

37 #F$RADV 3BFA

24  F$REA  3A4db

33 *F$REMP 3ASS3

35  F$RET  3ESC

25  #FSRIBC 24BE

30  F$RITE 3416

21 *F$RPAU  298A

21 #F$RTFG 447E

21 F$RWSF  862C

Z1 FEXBFS 00%0#

34  F$XCED 355E

22 #FEXCLSE ZBC2

33  FSXERR 2DAE

21 F$XLR 3538

31 FS$XPRE 295C

21 #FSXSAZ 0112«

21 *FSXSTP  2Bes

40 F$XTEBL 472&

21 #FEXVCH O0104%

21 #FHEXVRC  O1024%

07/15/7%9 11
TYPE

SEARCH, 1
SEARCH., 1
SEARCH, 1
SEARCH. 1

SEARCH, 1
SEARCH, 1

SEARCH, 1

$15:139
DATE

10/25/72
10/26/78

10/28/72

10/26/73

10/26/73

10/26/73

10/25/78

INITIONS

NO NAME

21 *ASBEFCB
21 AS$BWK2

21 ASERRS
S CYC1
10 CYCS

21 F$ERRC
21 F$F1TP
21 *F$LUNO
37 *F$R10A
37 *FER3IDV
37 *F$R7DV
37 F$RAER
35 *F$SRECB
35 #F$RENG
25 F$REVF
30 *FSRIES
29 FERITF
21 *F $RPRE
21 *FERVFER
35 *F$3TAT
4z *F$XBUT
32 F$XCER
21 FEXCRE
3? F$XFTL
31 *FEXLWS
21 *F$XPSE
21 F$XSR

21 F$X3STR
40 #FEXTID
21 #FSXVCL
3 *F&XVRO

VALUE

Ol1A*
=&ZA
Ol4E»
icio
2204
3C72
3244
C000*
0014#
3BB4
38DC
31F2
3BzZC
3B43
30C4
I4AC
3234
ZASA
002aw
0004%
2Faa
355A
2954
303
45A4
ZBSE
I5F8
3IS3E
4571
QOFF*
QOQFE+#

NOD

21
36
21

11
38
28
21
2%

37

26
35
a5
2z
30
27
21
21
21
21
32
34
41
21
21
33
31
21
21

21

TIME

23:350:47
00:33: 07
00:57:32
01:39:04

01237212
Q0233830

23:23:41

NAME

#A$BPRB
*ASEFCB
*ASETCA
cYcz
DFTLRL
F$ERRS
#F$FLAG
*#FSNAME
*F$R1CH
*F$R4DV
#F$RE0OV
F$RBUF
*F$REDV
F$RES
#FSRFTE
#FSRIRT
FSRLOG
#F$RREL
#F$RVP2
F$XAR
F#XCDE
F$XCID
F$XCRI
#F$XLID
FHXMR
F$XRST
#*FHXSTC
#+FEXSVC
#FEXVEF
*F$XVCO
#FEXVET

FAGE

4

CREATOR

SDSLNK
SOSLNK
SDSLNE
SDSLNK

SDSLNK
SPSLNK

SDSLNK

VALUE

0122+
011C»
QL1204+
1DGE
31046
3C72
000S%
005
Q13CH
3IBBE
3BES
470A
3A7A
3A34
3430
340K
0145w
3533
QO2Ax
25600
3IVE2
3556
3954
ZF30
375C
3DEE
QLOCH
0110
Q100
COFC»
QUF L

NO

21
21

21

23
38
21
21
21
ay
37
4z
=

35
29
30
21
31
21
33
34
3z
34
21
33
43
21
21
21
21

21

181
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TXSLNK
NAME

*FEXVSY
#FEXWEZ
#G$XEQ]
*G$XEL1
*G3XELS
*#INASRR
INCSIR
®#INCS2R
#NSLINS
*0UCS1L
*P$ERR
*PSLLRL
#FSFPFCE
*PSREC2
#P$VLO
PCMLE
#PRASRR
sn
#WP3001

VALUE

QOFA#
44546
ZF78
2FED
070
2544
2372
2382
0103#
27BE
0001+
QO12%
Q018+
QOQE#
Q000*
0254
2554
28F2
24A2

2.3.0 78,244

NE

21
26
21
21
21
13
13
13
21
1s
21
21
21
21
21
2

15
20
14

NAME

*F$XVWS
#FEXWED
*GEXEDS
#GEXEL2Z
#INASRE
INCSIE
#INC32E
ML
#N$TID
OuUCsSiR
*P$LACN
*F$LFRL
#*P$FRB
*P4$RECL
*PSUFLG
*PRASRE
R93001
SENS
WP300R

*#u%%  LINKING COMPLETED

VALLE

4520
4458
2FE3
2002

. 2540

236E
237E
240E
0119%
27BA
0016
0014+
0000*
QO0OE»
[lelslt)
2550
249E
QAD2
24A%

07/15/79 11:15:39
NO NAME VALUE
21 *FEXWSO 44652
36 FH 1B0O2
21 #G$XEQOP 2ZFAS
21 *O$XEL3 3020
15 INASRI 253C
13 INCSII 236A
12 INCS2T 2374
1& MS 2728
21 #QUCSIE 27Bé
12 #PSABUF 0004
21 #PSLFIL 0011»
21 *PSLLN 0Q05#
21 *P$PRBE  001A+
21 #PE$RES 0QOCH
21 *PSUTFL  0010%
15 PRASRI 254C
14 3 23486
4 TIMEOF 23246
14 WAIT 230A

NO

36
&

21
21
15
13
13
17
13
21
21
21
21
21
21
15
19
12
12

NAME

*F$XWS]
FILT
#GS$XELOD
G$XE14
INASRL
*INCS1L
#INCS2L
*NSCOLS
#0UCS1T
#PSCCNT
*P$LIBF
#PS$0OF
#P$REC1
#F$SFLG
#PSUTF2
*#PRASRL
#S$APRB
TIMEON

PAGE
VALUE

4454

Q342

2FDz2
30SE
2543
2374
22356
0104&6%
2782
O00A*
Q0ion
GO0Z*
QOO0
0004 %
GO11#
2952
2D%C
22B4

S
NO

el
2

21
21
15
13
13
21
18
21
21
21
2%
21
21
135
21
12
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